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I'maBa 1

IlonsaiTHE onepalMOHHOI CUCTEMbI

1.1 OcHoBHBIE DYHKIINN OHEPAIIMOHHBIX CUCTEM

B pabore [1] onepanuonHast cucrema onpejiessiercsi Tak: « ¢l He 3HaI0, YTO 9TO TaKOe, HO BCETia Y3HAIO ee, eCJIN
YBIXKY». DTa (ppasa Obljia cKazaHa B IepBoii mosioBrHe 70-X, KOTJa OMEepPAIlMOHHbBIE CUCTEMBI AefICTBUTEIBHO

OTJINYIAINCH OOJIBIIIUM Pa3HOOOPA3NEM CTPYKTYPbI U BBIMOJHAEMBIX (DYHKITHINA.

C Tex BpeMeH IOJIoKEeHHe CyIecTBeHHO n3MeHmiock. Cospemennbie OC — 110 KpaitHeit Mmepe, IIpPOKO
PACIIPOCTPAHEHHBIE CUCTEMBI — BO MHOTOM TIOXOXKH JIpyT Ha apyra. [Ipexe Bcero aTo ompemesercs: Tpebo-
BaHUEM IIEPEHOCHMOCTH IPOrpaMMHOTO obecriedennsi. VIMeHHO [1jist 0OecriedeHust ITOM MePEeHOCUMOCTH ObLI
npunsT POSIX (Portable OS Interface based on uniX) — cranmapr, onpeessiionuii MUHIMAJIbHBIE (DYHKIIUHI
10 yIpaBJIeHuo ailyraMu, MeKITPOIIECCHOMY B3aUMOIEHCTBUIO U T.JI., KOTOPBIE JOAJCHG YMETH BBITOJHSTD

CHUCTEeMa.

Kpome Toro, 3a 4eThipe ¢ JIUIIHUM JECATHIETHsI, IPOLIEIIINX ¢ MOMeHTa pa3paborku mepBbix OC,

COO6IH€CTBO OpOorpaMMuUCTOB JOCTHUIJIO OIIPEAC/JICHHOI'O IIOHNMaHUA TOT'O, 9ITO!:

e 1pu paspaborke OC BO3HHKAET MHOI'O CTAHIAPTHBIX ITPOOJIEM U BOIIPOCOB;
e JiJIs1 OOJIBITMHCTBA U3 9TUX MPODOJIEM M BOIIPOCOB CYINECTBYET HAOOP CTAHIAPTHBLIX PEIIeHHII;

® HEKOTOpPbI€ U3 3TUX pemeHHﬁ HaMHOTI'O Jiy4d1ie, 9eM BC€ aJIbT€pHATUBHBIEC.

Mmuorme n3 Takpx HapIydIIOX pelleHdi ObLIN peajn30BaHbI B ONEPAIlHOHHBIX cHcTeMax ceMmeiicTBa Unix.
Iosromy cpenn agenroB sroit OC xomur morosopka: «Ecam Bor He nmonmmaere UNIX, Bbr jgosmkHbI 6y1eTe

3aH0BO n3o6pectu ero». Onbir cucrem OS/2 uw Windows NT oruacru moarsepkiaer eé.

ITo coBpemennnim mpeacrasienuam, OC moKHA YMETh JIeJIaTh CIeIyIOIee:

o ObecnieunBaTh 3arpy3Ky IIOJb30BAaTEJILCKUX IIPpOrpaMM B OII€PATUBHYIO MaMATb U UX HUCIIOJTHEHUE.
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e (ObecmeunBaTh PabOTy € yCTPONCTBAME JIOJTOBPEMEHHON AaMSITH, TAKIMU KaK MarHUTHBIE JTUCKH, JICH-
TBI, onTrdecKkue aucku u T.11. Kak npasuio, OC yrnpasiser cBOOOIHBIM IIPOCTPAHCTBOM Ha 9TUX HOCH-

TeJIAX U CTPYKTYyPUPYET II0JIb30BaTe/IbCKUE JaHHBIE.

° Hpe,Z[OCTaB.HﬂTb OoJjlee MWIM MeEHee CTaH,ZLapTHbeI JOCTYII K Pa3JIMYIHbIM yCTpOﬁCTBaM BBO,ILa/BbIBO,ZLa,

TaKUM KaK TepMHWHaJIbl, MOJEMbI, IIedaTalollue yCTpOﬁCTBa.

e [IpemocraBiisiTh HEKOTOPBIN MOJIb30BaTEbCKII nHTEP(Deiic. CI0BO Hekomopwili 3J1eCh CKa3aHO HE CJIy-
YafiHO — YaCTh CHCTEM OrPAaHMYMBACTCA KOMAHIHON CTPOKOI, B TO BpeMs Kak apyrue Ha 90% cocrosar

U3 CpeaCcTB uHTepdelica MOJIb30BATEIS.

Cymecteytor OC, (hyHKIIUI KOTOPBIX 9TUM U UCUYepibiBatoTcss. OHa U3 XOPOIIO U3BECTHBIX CHCTEM

TAKOro THUIIA, — JUCKOBasd onepanuonHas cucrema MS DOS.

Boiree pPa3BUTBIC OoC IPEeJOCTaBJ/IAIOT TaK2Ke CJICAYyIoIMe BO3MO2KHOCTHU:

L4 Hapajmejleoe (TO‘{HGG, IICeB/I0IIapaJlJIEJIbHOE, €CJIN MalllnuHa UMEEeT TOJIbKO OJIUH Hpoueccop) M CIIOJIHE-

HUE HECKOJIbKUX 3a/1aM.
e Pacmpenesnenne pecypcoB KOMIIBIOTEPA MEXKIY 3aaTaMU.
e Opranuzanus B3auMOJIEHCTBHUS 3aJ1a9 JIPYT C APYTOM.
e BzauwmoieiicTBre mMoJIb30BaATEIbCKUX IIPOrPAMM C HECTAHIAPTHBIMU BHEITHUMHU YCTPONCTBAMU.
e OpraHuzanys Me;KMaIIMHHOIO B3aMMOJEHCTBHS U pa3esieHIs PeCYPCOB.

L4 BaHII/ITa CHUCTEMHBIX DECYypPCOB, JaHHbBIX W IIPpOI'paMM IIOJIb30BaTeJId, NCIIOTHAIONINXCA IIPOIECCOB U Ca-

MOl cebd oT OIINOOYHDBIX U 3JIOBPEJIHDBIX rII,GI'?'ICTBI/II'?'I OJIb30BaTEJEN U UX IporpaMm.

1.2 Kunaccudukamma OC

ITo TOMY, KaKH€ N3 BbIIIEIIEPEINCJICHHBIX (bYHKH,I/H'?'I peain30BaHbl 1 KaKUM OBLIIO YAeJaeHo 0OJIbIIIE BHUMaHUA,

a KaKUM MEHbIIIE, CUCTEMbl MO2KHO Pa3/I€/INTh Ha HECKOJIBKO KJIaCCOB.

HOC (Jduckosbie Onepamuonnbie Cucrembr)

D10 cucreMbl, bepyinue Ha cebsi BBITOJHEHNE TOJBKO MEPBBIX YeThipex (pyHKImi. Kak mpaBusio, 310 mpocTo
HEKUIl pe3UIeHTHBIN HabOp moarporpaMm, He Oojiee Toro. OH 3arpyskaer IMoJIb30BATEIBCKYIO IPOrpaMMy B
HaMsATh U IIEepeJlaeT eil yIpaBjieHue, II0CJe Yero IporpaMma JejaeT ¢ CUCTEMOIl Bce, 4To el 3abjaropac-
cymurcsi. Cauraercst ¥KejaTe/bHBIM, ITOOBI OC/IE 3aBEPIIEHUs] TPOrPAMMBI MAITAHA OCTABAJACh B TAKOM

cocrostaum, 1To0bl JIOC Moria mpomoskuTh paboTy. Ecim ke mporpaMva MpUBOIUT MAINIUHY B KaKOE-TO
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Japyroe cocrosiume. .. 9o K, JIOC Hu4YeM eil B 9TOM He MOXKET [OMeIlaTb. XapaKTePHbI MpUMED — pas-
JINYIHBIE 3arPy309HbIe MOHUTOPDI JjIs MaIuH Kiaacca Spectrum. Kak mpaBmiio, Takue CHCTEMBI PabOTAIOT

OJITHOBPEMEHHO TOJIBKO C OJHOI IIPOrpaMMOIA.

Iuckosast oneparmonnas cucrema MS DOS gy IBM PC-coBMecTUMBIX MaIlUH SIBJSIETCS IPSIMBIM
HACJIETHUKOM OJIHOTO W3 TAaKWUX PE3UIEHTHBIX MOHHTOpOB. OHA, IIpaB/a, yMeeT 3arpyKaTh HECKOJBKO IIPO-
rpaMM, HO He npedocmasasem CpeiCcTB JJjisl UCIOJHEHUs] 9TUX [porpaMM. BoJsiee Toro, ¢ Toukm 3peHwUst
JOKYMEHTUPOBAHHBIX (DYHKIINN, STUM IIPOrpaMMaM HeAb3ds padborarh. KoHnedHno, ecTh ere HeIOKYMEHTHPO-

BaHHble 3adnue deepu (backdoors). . .

CymrecTBOBaHUE CHUCTEM TAKOTO KJIACCA ODYCJOBJIECHO WX IIPOCTOTON M TEM, YTO OHU IOTPEOISIOT
MaJio pecypcoB. s mammH Kiacca Spectrum 3To 60jiee YeM KPpUTHYHBIE TapaMeTphl. Fie ofHa TpudnHa,
[0 KOTOPOW TaKue CUCTEMBbI MOTYT HCIIOJb30BATHCS JayKe Ha JOBOJIBHO MOIIHBIX MAaIllMHAX - TpeOOBaHUE

HpOFpaMMHOﬁ COBMECTUMOCTU C pPaHHUMMN MOIEJIAMHN TOI'O 2Ke ceMeiicTBa KOMITBIOTEPOB.

oC

K stomy Kaaccy oTHOCATCS cUCTeMBbI, OepyIine Ha cebsi BBIIOJHEHNE BCEX BBIIIENEPEINCTEHHBIX (DYHKITUH.
Pazznenenne na OC u JIOC uzet, no-sugumomy, or cucrem IBM DOS/360 u OS/360 mist 60IbIINX KOMIIBIOTE-
POB 3710t (bUPMBI, KJIOHBI KOTOPLIX U3BECTHBI y Hac B crpaHe 110 HazsarueM EC IBM cepun 10XX. (Kcrarn,

y IBM 6buia eme TOS/360, Tape Operating System - Jlenrounast Onepannonnasi Cucrema).

Bmeck mox OC bl GyzieM MOpa3yMeBaTh CUCTEMBI «ODOIEr0 HA3HAYEHUSI», TO €CTh PACCUNTAHHBIE
HA UHTEPAKTUBHYIO pabOTy OJIHOTO WJIM HECKOJBbKUX I0JIb30BaTeseil B peKuUMe pasfie/iecHusT BPEeMeHH, [pU
HE OYEHb JKECTKUX TPeOOBAHUSX HA BPEMsI PEAKIIMH CUCTEMbl HA BHeITHUE cOObITHs. Kak mpaBusio, B Takux
cucTeMax yJesasieTcst DOJIbIIIoe BHUMAHNE 3AIUTE CAMON CHCTEMBI, IIPOIPAMMHOI0 00eCIIeYeHrs U T0JIb30Ba~
TEJILCKUX JIAHHBIX OT OMIMOOYHBIX U 3JI0HAMEPEHHBIX IPOrpaMM U MoJib3oBareseil. OOBIYHO TaKUE CUCTEMbI
UCIIO/IB3YIOT BCTPOEHHBIE B apXUTEKTYPY IIPOIECCOPA CPEJCTBA 3aIlUThl U BUpTyaau3anuu mamsitu. K s1o-
My KJIACCY OTHOCSATCSI TaKue MIMPOKO pacipocrpaHenHbie cucreMbl, Kak VAX/VMS, cucrembr cemeiicrsa Unix
u 0S/2, xorsi moc/ie/iHsIsl He 00ECIeUnBAET OJHOBPEMEHHON PabOThl HECKOJIBKUX I10JIb30BATEIEH U 3aIUTHI

HOJIb30BaTeJIell ApyTr OT JApyTa.

CucreMsbl BUPTYyaJIbHbIX MalllMH

Takue CUCTEMBI CTOSIT HECKOJIBKO OCODHSIKOM. DTO CHCTEMA, JIOIYCKAOIIAsl OJITHOBPEMEHHYIO PabOTy HECKOJIb-
KX TPOrPaMM, HO CO3IAOIIAs IIPH 3TOM JIJIsT KarKI0M IPOrpaMMBbI MJLIO3HMIO, ITO MAIIMHA HAXOIUTCS B TOJI-
HOM ee pacuopsizkennn, Kak 1pu padore nozx JJOC. Ilpumepom rakoii cucreMmbl sipisiercst IBM VM, ussecrhast
y Hac B crpane nox zassanueM CBM (Cucrema Bupryanbubix Mamunn). AHasorudsbiv o6pa3oM paboTaror

DesqView u npyrue maorosamaunuku (multitaskers) s MS DOS.
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YacTo Takme crucreMsl apgagioTea nogacucreMoil OC obmero nasmadenna: MS DOS u MS Windows-

smyastropsl o, UNIX u OS/2, okrno DOS B MS Windows, smyssitop RT-11 B VAX/VMS.

B cucremax BUpPTyasIbHBIX MAIllUH YaCTO MPUXOIUTCS YACAATH MHOIO BHUMAHUS SMYJISIUAUA Pabo-
THI anmaparypbl. Hampumep, HECKOJIBKO IpOrpaMM MOTYT HadaTh MPOrPAMMHUPOBATL CUCTEMHBIN TaliMep.
CBM nomkHa OTCIETUTh TAKWE TOMBITKA U CO3/IATD IS KaXK/I0H M3 MPOrpaMM MJLIIO3UIO, ITO OHA 3aIPO-
rpaMMHUpOBaJia TaifiMep MMEHHO TakK, KaK XoTeja. Pa3zpaboTka TaKuX CHUCTEM SIBJISAETCH CJIOXKHBIM U 9acTO
HeOJIArOaPHBIM JIEJIOM M CHJIBHO 3aBHCUT OT alllapaTyphl, IO3TOMY MbI IOYTH He OyieM 00CYyXKJaTh STOT

kaacc OC.

CucremMbl peajibHOTO BpEMEHU

DTO cUCTEMBI, IPeIHASHAYEHHBIE JIJIsi 0DJIerdeHnsi pa3paboTKi TaK Ha3bIBAEMbIX MTPUJIOXKEHUH peaibHOTO
BpEMEeHH. DTO MPOrPaMMBbI, YIIPABJIAIONINE HEKOMIIBIOTEPHBIM [0 IIPUPOJIE 060PYIOBAHUEM, YACTO C OYEHb
JKECTKUMU OIPAHMIEHUSIMU 110 BpeMeHU. [IpuMepoM TaKoro NpuIoKEeHnst MOYKET OBITH MporpaMma 60pTOBOTO
KOMITBIOTEPA KPBLIATON PAKETBI, CUCTEMBI yIIPABJIEHUSA YCKOPUTEIEM 3JIEMEHTAPHBIX YACTHIL UJIA TPOMBIII-
JIEHHBIM 000pyIoBanneM. Takme CHCTEMBI 00S3aHbI TOIJIEPKUBATH MHOTOIPOIECCHOCTD, 2aPAHMUPOSAHHOE
BpeMsl PEaKIMU Ha BHEIIHee COOBITHE, TPOCTOl IOCTYI K TaliMepy M BHEIMHUM ycTpoiicTBam. Takue cucremb
MOI'YT O JPYIUM IpHU3HaKaM OoTHOCHThCs Kak K kKiaccy JJOC (RT-11), rak u k OC (0S-9, QNX). Yacro
rakue cucrembl (Hampumep, VxWorks) paccumranbl Ha pabOTy COBMECTHO € yHpasJsitorieil host-marmmHoid,

I/ICHOJIHHIOIl(eﬁ «HOPMaJIbHYI0» OII€EPpallMOHHYIO CUCTEMY.

TI'aparTupoBaHHOE BpeMsi peakKI[HH Ha BHEIIHEE COOBITHE SIBJISIETCS OTJIHIHTEJIbHBIM MPU3HAKOM cucreM PB.
TpeboBaHue rapaHTHPOBAHHOIO BPEMEHH DEAKIUU HaJlaraeT CHeruguiecKue TPEOOBAHHS HA APXHUTEKTYDY

OC; 6oupmmacTBO coBpemennbrx OC obiiero HazHaYeHHs] HEIPHUTOAHO JIsT 3a1a49 PB.

JIF0OOTIBITHO, YTO HOBOMOJIHOE Te€UEHNE B KOMITLIOTEpHOH Texanke — multimedia — npu kagecTBeHHOI
peain3aIuy IpebsBjsgeT K CUCTEME Te YKe TpeOOBaHUs, ITO U IIPOMBIIIJIEHHBIE 38/[a"1 PEAJTLHOIO BPEMEHHN.
B multimedia ocHOBHOiT 1pobJIeMOil sIBJISIETCsT CHHXPOHU3AIUsT M300parKeHUsT Ha SKpaHe cO 3BYKOM. VIMeHHO
B TaKOM IOPsiJIKe. 3BYK OOBITHO Ie€HEPUPYETCsI BHEITHUM allllaAPATHBIM YCTPOUCTBOM C COOCTBEHHBIM TaiiMe-
poM, u n300parkeHne CUHXPOHU3YETCS ¢ HUM Ke. dejloBeK CrocobeH 3aMETUTh JOBOJIBHO MAJIble BPEMEHHBIE
HEOJIHOPOHOCTH B 3BYKOBOM IOTOKe. HalpoTus, mpoIrycK KaJpoB B BU3YaJbHOM IIOTOKE HE TaK 3aMEeTEH, a
pacxokjieHne 3ByKa W M300paskKeHUsI 3aMEeTHO yrKe IpHu 3ajepkkax okojao 30 mc. Ilosromy cucrembl Kaue-
crBeHHOTO Multimedia Mo/KHBI 0OecIeINBATH CHHXPOHU3AIINIO C TAKOM ke miim 60jiee BHICOKOH TOYHOCTBIO,

9TO MaJiO OTJIMYIaeTCsA OT CUCTEM MATKOI'O peaJIbHOI'O BpeMeHU
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Kpocc-zarpy3uuku

DTO0 cUCTeMBI - MOJIHOCTBHIO OPUEHTHPOBaHHBIE Ha pabory ¢ host-mamuHoil. Yalme Bcero oHU UCIOJIB3YIOTCS
JIJIST HAITMCAHUS U OTJIAJIKK KOJa, o3/ Hee mpoinnBaeMoro B [I3Y. DTo cucreMbl MporpaMMUIPOBAHUsT MIKPO-
KOHTPOJIIIepoB ceMeiicTia Intel 8048 n nmomobubix mM, TDS (Transputer Development System) dupwmsr Inmos,
u Muorue japyrue. Takme cUCTeMbI, KaK MIPABUJIO, BKJIIOYAIOT B cebsa HAOOP KOMIIMIATOPOB U acceMOJIepOB,
paboratomux Ha host-cucreme (peke — 3arpykaeMbIx ¢ host-MAaIIHHBI B IEJEBYIO CHCTEMY), OUOIMOTEKH,
BBINOJTHAOIIHE 60sbIny1o acTh dyukimii OC npu pabore mporpaMMbl (HO He 3arpy3Ky 9TOil IporpaMMbt!),

¥ CPeJICTBA OTJIAJIKU.

CucreMmbl IIPOME2KYTOYIHBIX TUIIOB

Cy1iecTBy0T CHCTEMbBI, KOTOPBIE C IEPBOTO B3TJIsi/Ia HEJIb3sl OTHECTHU K OJTHOMY U3 BBIIIEIIEPEUNCIEHHBIX KJIAC-
coB. TakoBa, manpumep, cucrema RT-11, koTopasi, o cytu cBoeit, siBisiercsi JIOC, HO 1O3BOJISIET OHOBPE-
MEHHO€ HCIIOJIHEHNE HECKOJBbKUX IPOTPaMM C JIOBOJBHO OOTraThIMU CPEICTBAMU B3aUMOJIEHCTBUS U CUHXPO-
Huzaruu. Jpyrum npumepoM nmpomexkyTodHoit cucrembl saasgioress MS Windows 3.x u Windows 95 koroprie,
kak OC, uCHoJIb3yIOT allllapaTHbIE CPEJICTBA MPOIECcopa JJisd 3aIlUThl U BUPTYAJU3AINNA MAMSITH U JIayKe
MOT'YT 0becrednBaTh HEKOTOPOE 10JI00Me MHOTI'033/IaYHON PabOThI, HO He 3GULUULa0M Ce0s U ITPOrPAMMBI OT

OIIUOOK JPYTUX ITPOTPAMM.

B mociietree Bpems Botrest B ynorpebsenue ere oaun tepmut: cereBble OC, mim cokparmerno NOS
(Networking Operating System). Ha B3risii aBTopoB, CJIOKHBIIEECs HCHOIB30BAHUE ITOIO TEPMUHA

HECKOJIBKO HEyJIa9HO. Kro MOXKHO yHnoTpedJIsiTh B IBYX PA3JIMIHBIX CMBICJIAX:

1. Cucremsl, IpeaHa3HAYEHHBIE JJIST IPEIOCTABIEHUS CETEBBIX YCIYT, aHaJorndIHO ToMy, Kak J1OC mpes-
Ha3HA4YeHa, JJId [IPEeJoCTaBJIeHUs CpeJcTB paborel ¢ auckoM. llox Takoe nmomumanue NOS momxomsT
y3KocIenuaan3nposannbie cucreMbl, Takue Kak Novell Netware, K9Q wiu nporpammuoe obecriedenue

mapipyTtusaropos Cisco.

2. CI/ICTGMI)I, CIIOCOOHBIE OpeJOoCTaBJIATH CE€TEBbIC YCIYTU. HO,H TaKoe oIlpe/ie/IeHuE IMOAXO0JAT ITPAaKTUIECKHA

Bce coBpemernbie OC obIero Ha3HAYEHUS.

Cynist 1o ToMy, 9TO GOJIBITUHCTBO «O0630POB CETEBBIX OMEPAIMOHHBIX CUCTEM» B KOMITBIOTEPHBIX YKy P-
Hasax cpasHuBatoT He mapmpyTtusarop Cisco ¢ K9Q, a Windows NT ¢ SunSoft Solaris uiu OS/2, repmun
NOS B 5TuxX mybJInuKaIUsIX TOHUMAETCSI BO BTOPOM cMbIcie. Kak y»Ke roOBOPUIIOCH, MPAKTUYECKH BCE COBpE-
mennbie OC n mHekoropsie JJOC criocobHBI MPEIOCTABIATE CETEBBIE CEPBUCHI, TIO3TOMY STOT TEPMUH TOYTH
skBuBajienTer ciaoBaM «CospeMennast OC obImero Ha3HAYEHUA» U, TAKUM 06PA30M, [MOYTH HE HECET TOJIE3HOM

urdopMaIun.
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1.3 Bpibop onepalmoHHOII CUCTEMBI

Bribop Tuna oneparmonHOl CUCTEMbI YACTO MPEICTaB/IsieT cob0il HeTpUBHAIbLHYIO 3amady. HekoTopbie mpu-
JIOXKCHUSI HAKJIAJBIBAIOT 2KECTKUE TPEOOBAHMSI, KOTOPBIM YJIOBJIETBOPSET TOJBLKO HEOOIBIOE KOJUIECTBO CU-

CTEeM.

Hanpumep, 3agaum ynpaBieHusT TPOMBIIIEHHBIM WIN UCCTIETOBATETHLCKAM 0DOPYIOBAHUEM B PEKIME
2KECTKOTI'0 PEAJIbHOTO BPEMEHU BBIHY2KIAIOT HAC JEJIaTh BLIOOD MekK 1y cueruain3upoBanubivu OC peasibHOTo
spemenn u HexkoropeiMu OC obiero Hasnadenust, Takumu kak Unix System V Release 41, [Ipyrue mpuoske-
HUsI, HAIIPUMED CepBephI 6a3 JAHHBIX, MPOCTO TPEOYIOT BBICOKON HAJIE’KHOCTH U MTPOU3BOIUTEILHOCTH, ITO

orcekaeT cucreMbl Kiaacca JJOC u MS Windows.

Haxonerr, HeKoTOpBIE 381841, TAKHE KAK aBTOMATH3AIINST KOHTOPCKOI pabOThI, HE MPEIbsIBIISTIOT DOJIh-
1110%0.¢ Tpe6OBaHI/H71 K HaJCeKHOCTHU, IIPOU3BOJUTEJIbHOCTU M BPEMEHU PpeEaKIUM CUCTEMBbI, 9YTO IIpeJOoCTaBJIdAeT
mpokuii Bui6op Mmexay pasiaumaabsiMu JIOC, MS Windows, Mac OS u mMuornMum cucremaMu obIiero HasHa-
gennsd. [Ipu 3TOM TexHMYIECKHe MmapaMeTpbl CUCTEMbBI [IEPECTAIOT UTPATh POJIb, U B UTPY BCTYIAIOT IPyIUe
daxTopel. Ha 3ape mepcoHaJIbHON TEXHUKN TAKAM (HPAKTOPOM OBLIa CTOMMOCTH aIlapaTHOIO 00eCIIedeHnsI,

BBIHY2KJIaBIIas JAe1aTh BeIOOp B moun3y JOC n, nosgaee, MS Windows.

Ceituac e CTOUMOCTD alapaTypbl PE3KO yIajia, a TpebOBaHUsI IEPCOHATBHOTO TPOTPAMMHOTO 00ec-
neveHus pesko Bospociu. Ilocimenusist Bepcus makera MS Office sanumaer okosio 120 merabaiiT Ha jucke
u tpebyer jyisi KomboprabeabHol paboThl 8-16 MerabaiiT mamsTu u mnporeccop kiacca 486/Pentium. Ma-
[IMHBl TAKOTO THUIIA BIOJHE J0CTATOYHO jiyist paborbl MHorux OC obmiero Hasnadenus, Takux kak OS/2,
Linux 1 HEKOTOPBIX KOMMepUecKux cucreM cemeiicrsa Unix. Tem He MeHee, B OOJIBITUHCTBE CUTYAIMH BBIOOD
no-npexkuemy Jeaerca B moab3dy MS Windows. OOGBIMHO IIPU 9TOM CCHLIAIOTCSA HA OTCYTCTBHE IIPOTPAMM-
HOTO ObecIiedeHns JJisi «aJbTePHATUBHBIX» CHCTEM, HECMOTPsI Ha TO, UYTO OOBEKTUBHBIN AHAJIN3 CUTYAIlUN

IIOKa3bIBa€T HECOCTOATEIBbHOCTD 3TOT'0 YTBEPZKICHU .

Hanpuwmep, OS/2 cniocobua ncrnosiHsaTh npaktudecku Bee npukiaanoe 110, paspaboranuoe mis DOS
1 MS Windows?; 115t 3TOl CHCTEMBI CYIIECTBYET TaKyKe PsiJ| OPUCHBIX IIPUJIOZKEHIIT — TEKCTOBBIE HPOIECCOPDI

Describe, ClearLook, AmiPro/2, snekrponnbie Tabsmis Lotus-123 u 1.11..

s Linux mprtokeHnii KOHTOPCKOH HAIIPABJICHHOCTU MEHDIIE, U OHU BBLITJISAIAT HECKOJILKO CTPAHHO
JUIsS TIOJIb30BarTesist, npusbikinero k MS Windows, ograko onu cymiectsytor — Hanpumep, WYSIWYG rekcro-

BBI{l IIPOIIECCOP €Z U DJIEKTPOHHBIE TAOJIMIIHI XESS.

Mper He ymommHaeMm 37ech npukiaanaoe 110, paspaborannoe s Mac OS, moromy uto sto 1O He

1 Xorst Unix SVR4 TeopeTiraeckn criocober 0o6ecednBaTh rapaHTHPOBAHHOE BPEMST PEAKIIIH, CHCTEMBI STOTO CEMECTBA HMEIOT
PsiT HEJOCTATKOB C TOYKHU 3peHus 3a7a4d PB, mosTtoMy daine BCero mpeamnouTUTETbHBIMU OKA3BIBAIOTCS CIIEUAIN3UPOBAHHBIE

OC — QNX, VxWorks, OS-9 u T.1..
2Ecau 6b1T6 TOuHBIM, TO pag DOS u Windows-npuioxkeHnii, B IEepBYIO OYepeIb CHCTEMHBIE YTHINTLI, HEKOTOPHIE HIPHI,

BUPYCHI M HEKOTOPBIE TporpaMmbl multimedia, Bce-Taku OTKa3bIBAIOTCST pabOTATh B IMYJISIINN, HO IPOTPAMMbI, HEOOXOIMMBIE B

ocuce — MS Word, Excel u um niojobubie — paboraior He Xy»Ke, 9eM TOJ|, «POJIHOM» CUCTEMO.
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MOXKET UCIOJHATHCS Ha IIPOIECCOPax apXUTEKTYPhI X860, a MaInHbl pupMbl Apple HECKOIBKO JOPOXKE KJIOHOB

IBM PC.

Yreepxkaeaue o Tom, yro MS Windows niporie B skciuryaTaiuu, 9eM JIOCTYIIHBIE aJbTePHATHBBI, TaK-
2Ke He COOTBETCTBYeT JIeHCTBUTEIBHOCTH, OCOOEHHO TIpu paboTe B ceTu. BoJiee yOeanTeIbHO 3ByYaT CJIOBA O
TOM, 9TO TIepexo/ oz apyryio OC morpebyer mepeyvunBaHusl MOJIb30BATEEH U TIONCKA WJIA OOy IeHUsI CIIEIH-
AJIMCTOB, KOTOPBIE OY/IyT 3aHUMATHCSI YCTAHOBKON ¥ IOJJIEPYKKOI CHCTeMBI. BOJIBIMMHCTBO YKe COBPEMEHHBIX

CIIENUAJIICTOB TI0 TIEPCOHAJBHBIM KOMIIbIOTEpaM 3HAKOMbI Jiuiib ¢ ofuoit OC — MS DOS/MS Windows...

Hyxwo ormeruts, Bupodem, uro MS Windows, HecMOTpst Ha, HU3KYIO HAJEKHOCTh, CJIOXKHOCTH KOH-
durypanyun 1 moJJIEPKKU U psif, DYHKITMOHAJIBHBIX HEIOCTATKOB, BIIOJIHE aJIEKBATHA OOJIBIITUHCTBY 3a/ad
KOHTOPCKOU aBToMaTu3anuu. [1pobieMbl BO3HUKAIOT, KOT/Ia 33/Ia9K, CTOSIIIE TIePe]l OPraHu3aneil, BhIXO/IsIT
3a MpeJiesibl pacnedarku npaiic-mucroB u3 MS Excel u nabopa mucem B MS Word. Jlyuie Bcero mpobsiembr

9TOr'0 Poia BbIPpAazKCHbI B CJIG,H,YIOHJ,GI;'I npuT4e:

IIpo6aema. Opranusarus uMeeT ABeHaAIATh BejocuienoB. CTouT 3aa4a; IePpeBE3TU POsib. ITo

Jesiath? ['py30BUK He mIpejiararh...

Ocnosnag npobaema MS Windows cocTonT BoBce HE B TOM, 9TO 9TO HE «HACTOSIIASI» ONEPAIMOHHAT
CUCTeMa — «BEJIOCHUTIEl», B TEPMUHAX POIUTHPOBAHHON TPUTIHM, a B TOM, UTO OHA He 00eCrevImBaeT ITy-
Teil IIaBHOTO U 6e300Ie3HEHHOTO TIEPexoa Mo, ApyTrue IIaTdOpPMbI, JayKe eCIi BOSHHKHET HeOOXOINMOCTh
Takoro mepexojia. CTpoOro roBopsi, TOT »Ke HEJIOCTATOK CBOWCTBEH MHOTUM JIPYTUM 3aKpbIThIM (closed)
mIaTgopMaM, MOCTABISIEMBIM OTHON (hUPMOH U MCITIOIB3YIONIMM HECTAHIAPTHBIE «(UPMEHHbIE> WHTEepPdEii-
cel. [Toka «3aKpbITOE» pElleHne COOTBETCTBYET BAIUM TPEOOBAHUSIM, BCE XOPOIIO, HO KOTJIa BbI BBIXOJINTE

3a IIpeaesbl TEXHOJTOTUICCKUX BO3MOXKHOCTE JaHHOI'O pellleHtsd, Bbl OKa3blBacTEChb B TYIIMKE.

1.4 OTKpbIThIE CUCTEMBI

AJII)TepHa,TI/IBOfI 3aKPBITBIM PEIICHUAM ABJIACTCA KOHIEIIINA OTKPBbITBIX CHUCTEM. I/LH,GH OTKPLITBIX CUCTEM
HUCXOJUT U3 TOr'o, 4TO [Jisd Pa3HbIX 3a1a4 HeO6XO,ILI/IMI)I pa3HbI€ CUCTEMBI — KaK CIIElIUaJIM3UPOBaHHbIE, TaK 1
CHUCTEMBbI O6HL6I‘O Ha3HaYCHHUsA, IIPOCTO IIO-PAa3HOMY HaCTPOCHHbIE 1 C6aHaHCI/IpOBaHHbIe. CJI02KHOCTB COCTOUT

B TOM, 9TOOBI:

ObecrieyuThb B3aI/IMO,£L€I7'ICTBI/I6 PaSHOPOJIHBIX CUCTEM B I‘eTepOFeHHOIL/'I CETH.

ObecrieanTh OOMEH JIAHHBIMU MEXKJIY PA3JIMIHBIMY [TPUJIOXKEHUSIMU Ha PA3HBbIX I1aTdOpMax.

ObecreunTs epeHOCHMOCTh npuKaaaaoro 110 ¢ ogHoilt maaTdopMbl Ha APYTYIO, XOTs OBbI IyTeM IIepe-

KOMIIMJIATINN MCXOJHBIX TEKCTOB.

ObecrieanTsb 10 BO3MOYXKHOCTH OJIHOPOJIHBIN TT0JIb30BATEIbCKUI HHTEPdEIIC.
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OTH 3aJ@49u IPEJIOJAraeTCs PEeIaTh IPU ITOMOIIU OTKPBITHIX CTAHJAPTOB — CTAHJIAPTHBIX CETe-
BBIX IIPOTOKOJIOB, CTAHIAPTHBIX (DOPMATOB JAHHBLIX, CTAHIAPTHU3AINY IIPOrpaMMHBLIX nHTepdeiicor — API
(Application Program Interface — unrepdeiic mpuKIaHBIX TPOrpaMM) W, HAKOHEIl, CTaHIAPTU3AIINN

[IOJIb30BATEILCKOr0 nHTEpdeiica.

B kadecTBe cTaHIaAPTHOTO CETEBOI'O MIPOTOKOJIA MIPEJIarajach ceMuypoBHeBast Mojesb OS], HO pex-
Jie, YeM Ha OCHOBE 3TOW Moje/id ObLIO pa3paboTAaHO UTO-TO IMOJIE3HOE, TMOJIYyUIUJIO MIHPOKOE PaclpoCTpaHe-
Hue cemeiicrso nporokosios TCP/IP. JlokymeHTals 10 IPOTOKOJIAM TOTO ceMeiicTBa umeer craryc public
domain (obiecTBeHHasi COGCTBEHHOCTH); KPOME TOIO, €CTh 10 KpailHeil Mepe ojiHa HporpaMMHasi pe-
aJIM3aIs TOro MPOTOKOJIA, TakxKe mMmeroriast craryc public domain — ceresoe 11O cucremsr BSD Unix,

nosromy TCP/IP siBisiercs BrosiHe npueMseMbIM OCHOBAHHEM LISl OTKPBITHIX CUCTEM.

Ob6cyzKIeHne cTanIapTHLIX (POPMATOB JAHHBIX yBEJIO Obl HAC IAJIEKO OT OCHOBHOHI TEMbI, HO HYKHO
OTMETUTL CJIEAYIONIEE: B HACTOSINEEe BPEMs CYIIECTBYET MHOIO OOILIENPU3HAHHBLIX CTAHIAPTOB IIPEICTABIIC-
HUs M300pazkeHnit (0COGEHHO PACTPOBBIX) U 3BYKOBBIX JAHHBIX, HO HEKOTOPBIE THUIIbI JAHHBIX TAK U HE MMEIOT
NpU3HAHHON cTangapTHoil (dopmbl. Hamnpumep, ecTh HECKOILKO OTKPLITHIX (POPMATOB IIpeacTaBIeHus Gpop-
maruposannoro tekcra: troff, INTEXu japyrue makerbl Makpocos st cucteMbl TEX, W, HAKOHEI|, CTaHJIAPT
SGML (Standard Generalized Markup Language), HO HU OJMH U3 STHX CTAHJAPTOB HE IIOJIb3YETCsl MOILY-
JISPHOCTBIO CpeJi Pa3pabOTINKOB KOMMEPUECKUX TEKCTOBBIX HpoueccopOB3. [Tpuausbl TAKOTO OTHOIIEHUST
IIOHATHDBIL: IpeJOCTaBJ/IEHUE I10/Ib30BAaTE/II0 BOSMO2KHOCTH 663 Hp06ﬂeM O6MeHI/IBaTbCﬂ JaHHBIMHA C TEKCTOBbIM
[IPOIECCOPOM KOHKYPEHTa O3HAYAeT JAaTh IOJIb30BATEI0 BO3SMOXKHOCTh BBIOUPATH MEXKJy TBOUM IPOIECCO-

poMm u ero. Brpodem, mosp30BaTe 0 OT MIOHUMAHNAS HE Jierde. ..

JLJ1st TOro 9T00BI KAK-TO 06ECIIEYUTh IEPEHOCHMOCTD IPOIPAMM MEXKJLy CUCTEMAMU PA3JINIHBIX TUIIOB,
IPUHUMAJIICH PA3/IMYHbIe CTAHIAPTHI HHTEpdeiica MKy MOIb30BATEILCKON (OOBITHO TOBOPST — IPUKJIA/I-
HOI1, HO 9TO0 He Bceryia npaBuabHO) nporpammoii 1 OC. OHUM U3 MEPBBIX TAKUX CTAHIAPTOB ObLIT CTAHIAPT
oubmorek ANSI C. Ou ocnoBan Ha cuctemubix Bbr3zoBax OC Unix, Ho dyuknun MS DOS mnsg paborsr ¢

daitamu (re, koropsie ucnob3yior file handle) Toxke mocrarouHo 6JU3KE K 9TOMY CTAHIAPTY.

B komnre 80-x - nagaje 90-x IT. 6BLJI0 OCO3HAHO, UYTO CPEJICTBA I «TOHKOIO» yIIpaBJeHus dailaamu
U MEXKIIPOIIECCHOI'O B3aNMOEHCTBHUs TaKyKe HYKIAIOTCs B CTaH apTH3anuu. [lepBoHavaIbHO Hiest COCTOSIIA
B TOM, 9TOOBI MPUBECTHU Pa3aInIHbIX MOTOMKOB cucTteMbl UNIX K Kakomy-To 0b1emy 3namenare o. s aToit
neau B ISO (International Standard Organisation) 6buT cO3/7aH Psiji KOMUTETOB, IIPUHAMABIINX CTAHIAPTHI

JUTsl PA3JIMUHBIX cep JesaTelbHOCTH (ceTeBoe B3auMoielicTBre, paboTa B PeaabHOM BPEMEHU U T.JI.).

B HacTosiee BpeMsi IPUHATHI TOJIBKO /B, JIOKYMEHTA 9TOr0 CTAHJIAPTA U3 IIPEIII0IAraeMbIX JIECSITH.
DTu JIOKYMEHTBI perylaMeHTUpyIoT oreparuu HaJ daitiavu (crangapr POSIX.1) u unrepnperarop KoMaH,I
(POSIX.2). Tem He menee, GoubimHCTBO ipoussojuTesieii OC obbsiBuIn, 9T0 UX cucreMbl, Takue kak VMS 5.4

u Windows NT, 00baBuIn 0 momgep:KKe 3TOro CTaHIapTa.

3CnpaBeIMBOCTH Al HY?KHO OTMETHTH, 4To hopmaTsl troff u BTEXouens Heyno6ub st WYSIWYG TeKCTOBBIX Hporiec-

copoB, HO SGML pa3zpabaThIBajcs CIEIUATBLHO JIJIsT HUX.
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Ilo omerram mosbzoBaresneit NT, POSIX-mogcucrema sroit OC siBasieTcst ynpaskKHEHHEM B TOM, HACKOJIBKO
6ecroIe3HOH MOKHO ¢eaTh HoJHyIo peanusaruio cragapTa POSIX) mmm, Ha0bopoT, HACKOJIBKO MOJTHOM

MOKeT OBITH COBEPIIEHHO OECIIOJIe3HAST Pean3aIlHsl.

Otgacta 6eCroIe3HOCTH ITOH MOJCHCTEMBI OOYCJIOBICHA HEIOJHOTON MPUHSTHIX B HACTOSIIEE BPE-
Ms1 foKyMeHToB craHgapTa POSIX: Hanpumep, oHE cOBEpIIEHHO HE OXBATBIBAIOT CETEBbIe HHTEP(EHChI, ITO
nozosiio ¢pupme MicroSoft peanmmsosars cobersennsiit nuarepgeric WinSock Bmecro npunstorx B Unix me-

XaHU3MOB. DT0 JesraeT IIPpaKkTHIYeCKH HEBO3MO2KHBIM II€epEeHOC CeTEeBOIr'o IIporpaMmMHOIO O6€CH€‘I€HI/IH, u T.1..

B kauecTBe cTaH apTHOTO KOMAHIHOrO st3biKa, cTangapT POSIX mpegnaraer koman abIil ss361k Bourne
Shell. Co crannapruzanueii rpadpudeckoro narepdeiica Moab30BATENA CUTYaIsA HECKOJIBKO CII0XKHEe u OymeT

obcyx)arbes B pazzese 10.



I'1aBa 2

3arpyska nporpamm

Mpbr nipesmosraraem, 9T0 Bbl 3HAKOMBI ¢ 6A30BBIMH IIOHSITHSIMH, T.€., BAM HE HY>KHO OO'bSICHATD, ITO OIEPATHB-
Hasl IaMSITh IIPEACTAaBJISIET CODOH MOCIEIOBATEIBHOCTD STICEK-CJIOB, H ITO HOMEP KAXKJ[OH sTIeHKH HA3bIBACTCS
aapecoM, u T.;1. C JIpyroi cTOpOHBI, HaM HY>KHO MOJIb30BATHCST XOPOIIO OlIpeiesieHHON TepMmunosioruei. Ilo-

ITOMY YacCTb 9TOI'O pa3zejia MO2KET OKa3aTbCs 1IepEeCKa30M HU3BECTHDIX JIJIA duTaTe Isd CBG,ZIGHI/H;'I.

Kak HN3BECTHO, CyIIECTBYIOT JBa THUIIa a/IPECOB. A,upeca IIEepBOIro THUIla Ha3bIBAlOTCA BUPTYaJIbHBIMUA,
WA JIOCUYECKUMHU. DTO TO YHUCJIO, KOTOPOE Bbl YBHUJ/IUTE, €CJ/IU, CKazKEM, pacliedaTacTe 3HaYCHUE yKa3aTeJId.
FOBOpSI TOYHEE, 9TO TOT aJdpecC, KOTOprfI BUIUT Ballla IIpOorpaMma, HOMED AdYelKU [IaMATA B €e COOCTBEHHOM

aJIpeCHOM IIPpOCTPpaHCTBe. Y MHOrux MalluH 3TH aJIpeCHbIC ITPOCTPaHCTBa [AJid PA3HBIX IIPOT'PaMM pPa3J/IMIHbI.

A ipeca apyroro Tuira Ha3BIBAIOTCS PU3NIECKUMU. DTO TOT aApec, KOTOPHIH Iepe1aeTcst o aipeCHbIM

JIMHUSIM IIHHBI IPOIECCOPa, KOIJa 3TOT IIPOIECCOP CUNTHIBAET MJIN 3amuchiBaeT gaHHbie B O3V.

Boobiie roBopsi, 9Tu JiBa ajpeca MOT'YyT HE UMeTh MexKJy coboit Huuero obiero. TeopeTudecku, Mo-
I'yT CYIIECTBOBAThH aJipeca (PU3UIECKON IMaMsATH, KOTOPBIM HE COOTBETCTBYET HHUKaKOM BUPTYaJIbHBIN ajpec
HHM y KaKOil M3 mporpamMm. DTO MOXKET IIPOCTO O3HAYaTh, 9TO B JAHHBLI MOMEHT 5Ta IaMsTh HUKEM HE KC-
oJib3yercsi. Bojiee nHTEpECHAs CUTyaIlusI — 9TO BUPTYaAJbHBIE apeca, KOTOPBIM HE COOTBETCTBYET HUKAKOH
dusngeckuit ajgpec. Takas cuTyalns 9acTO BOSHUKAET B CHUCTEMAaX, UCIOJIb3YIOIINX TaK HA3bIBAEMYIO CTPa-
HUYHYIO MOAKA4YKYy (page swapping wiu npocro paging). B sroii curyarun cymma o6beMOB a[pecHbIX
MPOCTPAHCTB BCEX IMMPOIPAMM B CUCTEME MOXKET MPEBBIIIATbL 00beM HOCTYITHOM (DU3UIECKON AMSITH, TO €CTh
Ha MallliHe ¢ YeThIpbMs Merabaiitamu O3Y BbI MOXKeTe UCIIOJIHSITH IPOrpaMMbl, Tpebyroimue 8 u 6oJiee Mer,
marpumep CorelDRAW!L. TIpaBsa, opranm3aiimst Takoil MOJKAYKH — HETPHBHAJBHAS 33/a49a, HO 00 9TOM B
CJIEIYIONINX PA3/Ie/ax.

Jlist Hagasta monpobyeM pacCMOTPETh 3arpy3Ky IIPOrpaMMbl B BUPTYaJIbHYIO MaMATh. JlJIs IpocToThH

MBI 6y,ZL€‘1\I CHYUTaTb, 9TO 93Ta BUPTYyaJIbHad IMaMATH IIpeAcTaBJIdAEeT coboit HEIIPEPbIBHOE a/IpeCHOE IIPOCTPaH-

CTBO. DTO HE BCer/la TakK, HO Ha BCEX CUCTEeMaX, KOTOPbIEC MbI 6y,ILeM CEPbE3HO O6CY}K,Z[8,TI), 9TO IPEAIIOJIOZKEHNE

! BockumaTeIbHEI 3HAK TIepe;] TOUKOI He olledaTKa, 9TO IporpaMma Tax Hasesaercs: Corel DRAW!

12
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BbInIosHseTCA. Kpome Toro, OyjieM cauTaTh, 9TO IporpamMMma Oblia 3apaHee coOpaHa B HEKHil €IUHbBII caMo-
JIOCTATOYHBIN OOBEKT, HA3BIBAEMBbIIl 3arPY30YHBIM UJIH 3arpy2KaeMbIM MOZYJaeM. B psjie orepanmonHbix
cUCTEM IIporpamMma coOMpaeTcss B MOMEHT 3arpy3KHu U3 OOJIBIIOTO YHC/Ia OT/IEIbHBIX MOJLYJIEH, COEPIKAIIIX

CCBUIKH JIDYT Ha Jpyra, HO 00 3TOM HUXKE.

2.1 AobGcosroTHasi 3arpys3kKa

[TepBriit, caMblii TPOCTOI, BADUAHT COCTOUT B TOM, U4TO MbI BCeria OY/IeM 3arpyzKarTh IIPOIPAMMYy C OJHOTO U

TOTI'O 2Ke aJIpeca. TO BO3MOXKHO B CJIEAYIONINX CJIyYdadX:

o CucreMa MOYKET IIPEJIOCTABUTH KasKJIOH IIPOrPaMMe CBOE aJ[PECHOE IPOCTPAHCTBO.

e CucreMa MOXKeT UCHOJIHITD B KaK/IbIii MOMEHT TOJIbKO OJHY nporpammy. Tax sejer cebst CP /M, Tak ke
YCTPOEHO OOIBITMHCTBO 3arPY309UHBIX MOHUTOPOB JJId CAMOJIELHBIX KOMITBLIOTEPOB. [loxoxkum obpazom

ycrpoena cucrtema RT-11, HO 0 Hell ayTh HUXKe.

Takoit MO/ Ty/Ib HA3BIBAECTCsI ADCOJTIOTHBIM 3arpy304YHbIM MoayJjeM. OH mpejcTaBiiser coboit Ko-
IO COJIEP?KUMOT0 BUPTYAJIbLHOI'O TPOCTPAHCTBA IIPOrPaMMbl B MOMEHT €€ 3aIrycka. Todnee, HA000POT, Ha-
JAJIbHOE COJIEPKUMOE aPECHOT0 MPOCTPAHCTBA (DOPMUPYETCS IIyTeM ITPOCTOIO KOMUPOBAHUS MOJIYJIsI B ITa-

MsiTh. B cucreme RT-11 takue daiibl HazbiBatoTCs .sav oT saved — COXpaHEHHBIH.

B cucreme UNIX ma 32-paspsiiHbIx MalllnHaX TaKKe HCIIOJb3YeTCs aDCOIIOTHAS 3arpy3Ka. 3arpyKa-

eMbIit paill HAUMHAETCS C 3ar0JIOBKA, KOTOPHI COMEPKUT:

® «MarmvIeCkKoe 4ImcJjo» — IIPU3HaK TOro, 9To 3TO MMEHHO Sany}KaeMbIﬁ MO/YJib, & HE 9TO-TO APYTOE.

quciao TEXT_SIZE — qymHy obsactu koja nporpammbl ( TEXT).

e DATA_SIZE — jymuHy 00JIaCTH MHUIMAJIN30BAHHBIX JaHHBIX Iporpammbl (DATA).

BSS_SIZE — muny 00JIACTH HEMHUIMAIN30BAHHBIX JAHHBIX Tporpammbl (BSS).

e CTaproBBIil aJIpec IMPOrPaMMBbI.

3a 3arosioBkoM ciaeayer couep:kumoe obsacreii TEXT n DATA. Barem MoxKeT ciieoBaTh OTJIAI0YHASA WH-

dopmarmst. OHa Hy2KHA CUMBOJIBHBIM OTJIQTIMKAM, HO CAMO IPOTPaMMOil He UCIIOJIb3YETCs.

[Tpu zarpyske cucrema Boijesser nporpamve TEXT_SIZE 6aifiToB BUPTyaJbHOM HMAMSITH, JOCTYITHOM

JIUIST 9TEeHWs] /UCIIOJTHEHNsI, U KonupyeT Tyjaa cofepxkumoe cermenta TEXT. 3arem ormarsiBaercst DATA_SIZE

23710 BO3MOYKHO TOJIBKO Ha, TIPOIECCOPAX, OCYIIECTBIISIONINX TPAHC/IAINIO BEPTYAIbHOIO ajpeca B (pu3mdeckuii. Takme mpo-
[IECCOPBI CJIOXKHEE, HECKOJIBKO MeJJIeHHee U 00J1a aloT PSAOM CHEIUMUIECKAX UM HEYCTPAHUMBIX HEIOCTATKOB II0 CPaBHEHUIO C
MIPOIIECCOPAMHE, KOTOPBIe TaKoil Mexanuku He nMeior. O6 3TuX HeJocTaTKaX OyIAeT B CJIEIYIOIMX Pa3/iesax, MOKa CKaskKeM TOJILKO,

9TO TPAaHCHBIOTEPhI (bI/IpMI)I Inmos #e nmeror JAucrnerdepa nmaMAaTh U O9€Hb MHOT'O Ha 9TOM BBIAI'DBIBAIOT.



2.2. taocUTE/IbaAs BAI'py3KA 14

6aiiTOB MaMsTH, JOCTYIIHON Jisi YTE€HUs /3alUCH, U Tyaa Komupyercs cojgep:kumoe cermenta DATA. 3arem
orMaTbiBaeTcs erte BSS_SIZE 6ailToB maMsiTH, JOCTYIHON JJisi YTEHNUsT/3AIICH, U TPOITUCHIBAIOTCS HyJIHMI/IB.
Ilocse aTOro mporpaMme BBIIEISETC MPOCTPAHCTBO MO CTEK, B CTEK IOMEIAIOTCS O3UIIOHHBIE aPTyMEHTHI
u cpejia ucrnosiHenus (environment), u yrpasJieHue epeaeTcs Ha CTapToBbIil ajpec. IIporpamva HaunHaeT

HCIIOJTHATHCHA.

2.2 OTHocuresibHasI 3arpy3Ka

Hpyroit criocob 3arpy3ku COCTOUT B TOM, YTO MBI I'PYy3UM IIPOTPAMMY KaXKJIblii pa3 ¢ HOBOro ajpeca. [Ipu

9TOM MbI JOJI2ZKHBI HACTPOUTHL €€ Ha HOBBIC a/IpecCa, a Jid 9TOrO. . .

Kak u3BectHO, mporpaMma mpecTapisgeT codoil moce10BaTe/ ibHOCTh KoMan 1. Kaxas koManma co-
CTOUT U3 KOJ@ onepanuy (KOTOPbIii B JIAHHBIA MOMEHT HAC He WHTEPECYeT) U OJHOIO UJIM HECKOJIbKUX aJpec-
HbIX mToJ1eit. B mporeccopax, pazpaborannbix B 70-e 1. u B Havase 80-X, y KOMAHIbI MOXKET OBbITH IIEPEMEHHOE
KOJIMUYECTBO TAKWUX I10JIe, OT HyJst 10 5-6, a To u Gosbie. Y coBpeMeHHBIX RISC-miporieccopoB KoJIMIeCTBO
oJIelt YMEHBITHIOCH. . . CODCTBEHHO, HAC 9TO TOXKE MAJIO WHTEpECyeT. 3aTO HAC OYEHb MHTEPECYeT, KaKUM

o6pa30M BBIYUCJIACTCA aJapeC Ha OCHOBaHHUHN 9TOT'O ITOJIA.

CymiecTBytoT Tpu criocoba BBIUUCIEHUS ajipeca B KoMase. 1lepBoiii criocob odeHb mpocT — bepercst
aJIpecHoe ToJie, BO3MOXKHO, PACITUPEHHOE CO 3HAKOM WJIU HYJISMU, ¥ TOBOPUTCS, UTO 3TO U OyJIeT HAII BUPTY-
AJILHBIA ajipec. DTO Ha3bIBaeTCss aBCOJTIOTHOU ajipecarueit. OYeBUIHO, ITO €CJIU MbI 3aXOTUM «CIBUHYTH»
IIporpaMMy TI0 aJipecaM BUPTYAJIbHON MaMATH TaK, YTOOLI OHA HAUYMHAJACH, CKaXKeM, He ¢ ajpeca 01000, a ¢
aJpeca 020004, TO MBI JIOJI>KHBI OyIeM HaliTh BCe KOMAHIbI ¢ aOCOIFOTHBIME & IPECHBIMU MOJISIMU U TPUOABUTH

KO BCE€M 9THUM II0OJISIM Pa3HOCTH HOBOI'O WM CTapOro aJapecoB.

Bropoit criocob ajipecarmi cOCTOUT B TOM, 9TO MbI OepeM 3HAaYeHUe OJHOI0 U3 PErUCTPOB IIPOIEC-
copa, KOTOPBIIl yKa3aH COOTBETCTBYIOIIEM II0JI€ KOMAH/IbI, IPUOABIIseM K HEMY 3HAYEHUE aJ[PECHOTO MOJIS U
nojiydaeM ajipec. Takas ajipecalinsi Ha3bIBaeTcs: 6a30Boil. Ecsm asipec dpopmupyercst C/IoKeHUEM JBYX WJIN

boJree PETUCTPOB C aJAPECHBIM IIOJIEM, TO 3TO Ha3bIBaCTCA 6&30BO—I/IH,ZL6KCHOﬁ aﬂpecam/leﬁ.

BuumarenbHbIi unTaTeib MOXKET OTMETHTD, 9TO ciocob hopmupoBanust ajipeca B mporjeccope 8086, a Takke
B peaJIbHOM pexKuMe 60Jiee HO3HHUX MPOIECCOPOB TOH »Ke JIMHUH, IIPEJCTABJISIECT cOO0H UMEHHO 6a30BYIO HIIH

6aSOBO—I/IH,£[€KCHy10 aJipecaliiio, a BOBCE€ HUKaKytO HE CeI'MEeHTallnuIo.

B sTom ClIy4dae IJid IlepeMelieHrsd IIporpaMMbl HaM HY2KHO TOJIbBKO MU3MEHUTL 3HAYCHUA 0a30BBIX

33marokn s3pika C MOIYT BCIOMHHTH, 9TO TaM HEWHHIIHAIM3OBAHHAS CTATHYECKAS MJIM BHEINHSS HePEMEHHAS CIUTAETCSI
MHUNUAIM30BaHHOM 3HavdenneM (. B mHekoTopbix peammsarmsx, manpumep B Turbo/Borland C, sTo He Beerma Tax, HO maxke Tam

CYIIECTBYET COOTBETCTBYIOIIAS OIS y JUHKEPA.
431ech U masee BCe UMCIIA 3AMUCHIBAIOTCS B (popMaTe s3biKa C, T.e., YnciIo 6e3 BCAKHX MpedHKCOB CUMTACTCS JECATIIHbIM,

YHCJIO C He3HaJYaIlllUM HyJIEM BIlepeJy — BOCbMEPHUYHBIM, a 9HCJI0, HauuHamouleecda ¢ 0x, kak OxFF — mecTHaamaTupUIHBIM
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PErnucTpoB, W MPOrpaMMa, jlake He Y3HAEeT, 9TO 3arpyzKeHa C JAPYroro ajpeca, eCjau TOJIbKO cama He Oyer

1epe3arpyzkarTb 3TU PErucTPHI.

VMeHHO Tak MpOUCXOIUT 3arpyska . com-aiiyios B cucreme MS DOS. Cucrema BbIe/sieT ¢CBOOOIHYIO AMSITh,
HacTpamBaeT MporpaMmme 06a3oBbie peructpbl DS m CS, KOTOpbBIE MOYEMY-TO HA3BIBAIOTCSI CETMEHTHBIMU, U IepejaeT

yIIpaBJieHne Ha CTapTOBLIM ajpec. Hudero 6oJblie jejiaTh HE HAJO.

B 6osee cimoxuBIX cuTyannsax pabora ¢ 6a30Boi ajpecareil MOYTH He OTJIMYAETCA OT abCOJIOTHOM:
MBI JIOJIPKHBI 3aIlIOMHUTD BCE MECTa B MIPOTpaMMe, TJIe 3arpyrKaioTcst 6a30Bble PETUCTPHI, U J0DABUTH K 3aTrpy-
JKAaeMbIM 3HAYEHUSIM HOBBIHM CTAPTOBLIN ajpec. EMHCTBEHHOE TPENMYIIIECTBO COCTOUT B TOM, UTO TAKUX MECT
B IIpOI'paMMe ropasjio MEHbIIe, YeM pu abCcoIOTHON ajipecanuu. Ha mpakTuke pa3HUIA 3/1€Ch COCTABJISIET

JECATKN U COTHHU DPa3.

st IepeMertieHnst TporpaMMbl MbI 00sI3aHbI HAMITH B Hell m 00pabOTaTh BCE CCHIIKUA Ha aOCOIOTHBIE
agpeca. TakKuMM CChUIKAMU MOTYT OBITh HE TOJIBKO aJIPEeCHbIe MMOJisi OOBITHBIX KOMAH U KOMAHIbl 3arPy3KHU

0a30BBIX PErUCTPOB, HO U CTATUYECKM WHUITUAJIM30BAHHBIC YKA3ATEN, WK JarKe U3OIMIPEHHs Ha acceMOiepe

BpO/IE:

IIpumep 1
push dst_seg ; 9To u 6ymeT CCHIKOIl Ha abCOJOTHHI azpec
push dst_offs

retf

Kak 661 TO HU OBLIO, B TIepeMENIaeMoil IPOrpaMMe Mbl BBIHY2KJIEHBI 3AIIOMUHATDH BCE CCBLIKU Ha abCo-
JIFOTHBIE aJIpeca U B MOMEHT 3arDy3KU IPOU3BOJIUTDH UX HACTPOMKY Ha PeaJIbHbII HAauabHbIH ajpec. OObITHO
9TO JIeJIaeTcsl IPU MOMOIIU TakK Ha3biBaeMoil TabJymipl nepemerrieHuii (relocation table), koropas npu-
COEJIMHSIETCST K TEJIy 3arpy»KaeMOro MOJLYJIsl, U COJEPXKUT CMEIIEHUsT OT HAYAJA MOJLYJIS JIJTsl KAXKI0M Takoi
ceoiku. Takoit daiiin ropasmo cioxkHee abCOJIIOTHOIO 3arpyzKaeMOro MOJIyJis, U HOCUT Ha3BaHUE OTHOCH-

TEeJIBHOTO WU TePEeMEeINaeMOoro 3arpy3049Horo mofyss. Mmenno Takoit dopmar umeior .exe-dailibl B

cucreme MS DOS.

Haubosee noyunresbaa B 3rom otnornrennn cucrema RT-11) B KOTOpOil CyIIecTBYIOT 3arpyKaeMbie
Moyt 06oux TurioB. OObIYHBIE TPOrPAMMBI UMEIOT PACIITUPEHUE .Sav, [IPEJICTABISIOT cob0il abCOTIOTHBIE
3arpy»KaeMble MOJIYJIN U TPy3aTcd Bcerja ¢ ajipeca 01000. Hurke 3TOro Marmdeckoro ajpeca HaxXOJIATCS
BEKTOpA IIPEPBIBAHUN U cTeK ITporpaMmbl. CamMa oleparoHHasl CUCTEMa BMeCTe C IpaiiBepaMu pa3MeniaeTcs

B BEPXHUX a/Ipecax ITaMATH. ECTQCTBGHHO, BbI HE MO2KETE€ 3arpy3UThb OJHOBPEMEHHO JIBa . sav—(bafma.

Onako, ecan BaM 06A3ameabHo Hy?KHO UCIOJHITD OJTHOBPEMEHHO JIBE TTPOTPAMMbI, BbI MOYKETE CO-
OpaTb BTOPYIO U3 HUX B BHUJE OTHOCHUTEJIBHOrO MOyJs: (baiina ¢ pacmmpenmem .rel. Takas mporpamma
Oymer 3arpyxKaTbCsd B BEpPXHHE aJpeca MaMATH, KaK/blii pa3 pa3Hble, B 3aBUCHUMOCTH OT KOHQUTYDPAIITH

fAJIpa CUCTEMbl, KOJINYeCTBa 3arpyzKEeHHbIX JIpaiiBepoB YCTPOUCTB U JAPYrux .rel-mMoyJieil.
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2.3 llo3unmoHHO-HE3aBUCUMBIIA KO

3a BCeMHU STHMHU Pa3roOBOPAMU Mbl 4yTh ObLIO HE 3a0bLIN O TPEThEM CI0cobe (POPMUPOBAHUS aJIpeca B IIPO-
rpaMme. DTO TaK HA3bIBAEMasi OTHOCUTEJIbHAS aJIpecaliusi, KOraa apec MOJydaeTcsl CJI0KEHUEM aIPecHOro
10JIsi KOMAHJIbI U adpeca camoti amot komardv, — 3HadeHus cyerunka koman (IP — Instruction Pointer nim
PC — Program Counter). Busno, 9T0 MO/y/Ib, B KOTOPOM HUCIOJIB3YETCs TOJIBKO TaKas ajpecalus, MOKHO

rpy3uTh C JII0O60ro ajpeca 06e3 BCesAKOi mepeHacTpoiku. Tako#l KO/ Ha3bIBAETCs HO3UITMOHHO-HE3ABUCUMbBIM.

[TozurmonHo-He3aBUCUMBbIE [TPOTPAMMBI OY€Hb yJIOOHBI JIjIst 3arPpy3KH, HO, K COXKAJIEHUIO, UX HAIIH-
CaHMe HAKJIAJIBIBAET JOBOJIBHO »KECTKHE OTPAHUYEHUS HA CTWJIb [pOrpaMMupoBanus. Hampumep, Hesb3s
MMOJIL30BATHCA CTATUYIECKN WHUITNAIN30BAHHBIMU MTEPEMEHHBIMI YKA3aTeJHLHOTO THIIA, HeJIb3s JeJaTh Ha ac-
cembutepe OKYCBI, BPOJIE TOT'O, KOTOPBIl ObLI TpuBeieH B nmpumepe 1, u T.7. Ha MHOrMX mporeccopax, Ha-
npumep, Ha Intel 8080/8085 uau muormx cospementbix RISC-mporieccopax MO3UIMOHHO-HE3ABUCHMBIH KO/
BOODIIE HEBO3MOXKEH — STU MPOIECCOPBI HE MOIEPKUBAIOT COOTBETCTBYIOIIUI PEXKUM aJIPECAINN JIJIs JTaH-
HBIX. BO3HUKAIOT cepbe3HbIe HEYI00CTBaA P COOPKE MPOrpaMMbl U3 HECKOJbKUX Mojyseit. [losromy Takoii
CTUJIb IPOIPAMMUPOBAHUST UCIIOJIB3YIOT TOJBKO B 0COObIX ciydasx. Hampumep, muorue supycet mojg MS DOS

u gpaiieeps! 1o RT-11 HanucaHbl UMEHHO TAKUM 0OpPa30M.

JIrobombeiTHOE HaboneHue. B smoxy RT-11 xakepbr nucasu spaiiBepbr. Cetidac onu muiilyT BUPyChl. Ere
JIFOOOIBITHEE, UTO JIJIsI HEKOTOPBIX IIEPCOHAJIBHBIX ILJIAT(OPM, HAIpuUMep, jJjis Amiga, BHPYCOB MOYTH HET.
Xakepbl cuuTaroT 60J1ee HHTePEeCHBIM MUCATH UT'DBI HJIU JIeMOHCTPAIIMOHBIE mporpaMMbl 11s1 Amiga. IToxoxke,
obmenre ¢ IBM PC mopoxkiaer y nporpammucra Kakme-To arpecCHBHbIE KOMILIEKChI. HabJiogeHnme 310 npu-

HaJIEXKAT He aBropaM: cM.|[3].

2.4 Osepuien (IepeKpbITHS)

Eme 6ostee naTEpECHBI CIOCOO 3arpy3Ku MIPOrpaMMbl — 9TO OBepJieil (over-lay — jiexkammuii cBepxy) uim,
KaK 9TO HA3bIBAJU B CTAPOHl PYCCKOSA3BIYHON JinTepaType, nepekpbiTue. CMBIC/ OBepJiesi COCTOUT B TOM,
9TOOBI HE 3arpyzkKaTh MIPOrPAMMY B HMAMSTh IEJUKOM, & pa3bUTh ee HA HECKOJIBKO MOJyJeil U 3aTacKUBATh
X B MAMSTh 110 Mepe HeobxomumocTu. [Ipu 5ToM Ha OJHE U Te XKe aJipeca B Pa3IndHble MOMEHTHI BPEMEHH

OyayT oTobparXKeHbl pazjndnbie Moayn. OTcio/ia 1 Ha3BaHUE.

[TorpebHOCTH B TAKOM CIIOCODE 3arpy3KH IMOSBIISAETCS, €CJU Y HAC BUPTYaJbHOE aJ[PECHOE IIPOCTPAH-
cTBO May1é, HarrpuMep 1 MerabaiiT min jJaxe Bcero 64 kusobaiita (Ha HeKoTOpBIX MarmmHax 1o RT-11 6iBasto
u 1o 48K, u MHOrme TosIe3HbIe TPOrpaMMBbl HOPMAJILHO paboTasn!), a mporpaMma OTHOCHTEIHHO Besnka. Ha
COBPEMEHHBIX 32-pa3psi/IHBbIX CHCTEMAaX BUPTYAJILHOE aJIPECHOE IIPOCTPAHCTBO OOBIYHO m3MepsieTcs rurabaii-
TaMu, ¥ OOJIBIIMHCTBY IIPOIPAMM TOIO XBATAET, & MPOOJIEMbI C HEXBATKON MOXKHO PEIaTh COBCEM JIPYTUMH

crrocobamu. TeM He MeHee, CYIIEeCTBYIOT Pa3INIHbIE CUCTEMBI, JTaKe U 32-pa3psiiHble, B KOTOPBIX HET yCTPOIi-
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CTBa YIIPaBJIEHUs [TaMATHIO, U Pa3Mep BUPTYAJIHHON MaMsITH He MOXKET IIPEBBIIIAThL 00beMa MuKkpocxem O3V,

YCTAHOBJIEHHBIX Ha ITaTe. [IpmMep Takoil cucTeMbl — YIOMUHABITIUNCS BBIIIE TPAHCIBIOTED.

OcHoBHas 1pobjieMa NIPU OBEPJIEHHOM 3arpy3Ke COCTOUT B CJIEJLYIOIIEM: MPEXKE YeM CChLIATHLCA Ha
OBepPJIENHBIN aJipec, Mbl JIOJI?KHBI IIOHATh, KAKOIl M3 OBepJIEMHBIX MOJIyJeil B JIAHHBIE MOMEHT TaM HaXOJUT-
ca. st ceblIoK Ha (PYHKIUME 9TO MPOCTO: BMECTO TOYKHU BXOJa (DYHKIIMKA MBI BBIZBIBAEM HEKYIO IPOIELYPY,
Ha3bIBAEMYIO MEHe/[?KepoM nepekpbituii (overlay manager). Dra npomemaypa 3HAET, KAKOH MOJLYJIb Ky-
Jla 3arpy»KeH, U IIPHU HeOOXOIUMOCTH TOAKAYNBAET TO, 9TO 3arpyzKeHo He 6b110. Ilepe KaxK 10 cehlIKOR Ha
OBEpJIEHHbIE TAHHBIE MbI JOJIZKHBI BBIIOJIHATH AHAJOIMYHYIO IPOIEAYPY, 9TO HAMHOTO YBEJIUIUBACT U 3aME]I-
nster mporpammy. MHorya Takue Jefictsus Bosiaaraiorcs Ha mporpammucta (MS Windows, Mac OS®, unorsa
— na Komuussitop (handle pointer 8 Zortech C/C4++ mist MS DOS), Ho waiie Bcero ¢ oBepsiefiHbIMU JIaHHBIMU

BOOOIIE TIPEIITOYNTAIOT HE UMETD Jiejia. B TaKoM ciIydae OBepJIeHHDBIM sIBISIETCS TOJBKO KO,

B crapbix yuebHMKaX 110 ITPOrPAMMHUPOBAHUIO M PYKOBOJCTBAX 110 OIMEPAITMOHHBIM CUCTEMAaM YIIeJIsi-
JIOCh MHOTO BHUMAHUSA TOMY, KaK PaCIPeesIsITh IIPOIEIyPhl MEXKTY OBepJIeHHbIMU MoyasaMu. JleficTBUTEb-
HO, TIOJKAYKa MOJIYJIsl C JUCKA MPEJCTABISET CODON JOBOJBHO JINTEJIBHBIA IPOIECC, IIOITOMY XOTEJIOCh ObI
MUHUMU3UPOBATH 3Ty MOJKAYKY. J[Jisi 9TOro Hy»KHO, ITOOBI KaXKJIbIIl OBEPJIEHHBIN MOJYJIb ObLT KAK MOYKHO
DoJiee CaMOJIOCTATOYHBIM. KCin 9TO HEBO3MOXKHO, CTapAIOTCsl BBIHECTU MPOIEIYPhI, HA KOTOPbLIE CCHLIAIOTCS
U3 HECKOJIbKUX OBEPJIEEB, B OTAEJbHBIN MO/YJIb, HA3BIBAEMBIN PE3UJIEHTHON YaCThIO WU PE3UJIEHTHBIM SIJI-
POM. DTO MOJTyJib, KOTOPBI BCEra HAXOMUTCS B MAMSITH U HE PasjiesisieT CBOU aJIpeca HU C KAKUM JIPYTUM

oBepJieeM. EcTeCTBEHHO, OBEPJIEHHBIN MEHEIZKep JTOJIKEH ObITh YACThIO 9TOTO SIIpA.

Kaxk it oBepsiefinbiit MO/Iy/Ib MOYXKeT OBbITh KakK abCOJIIOTHBIM, TaK U IepemeriaeMbiM. OT 3T0r0
HECKOJILKO MEHSIeTCs YCTPOMCTBO MeHe/ xKepa, HO He Hosiee Toro. Ha apxurekTypax Turra i80x86 MOKHO nesiaTh
oBepJIeiHbIe MOJYJIN, KaXKJIbIli U3 KOTOPBIX aJIPECyeTCsi OTHOCUTEIBHO CBOEr0 3HadYeHHs 0A30BOIO PErucTpa
CS U cChLIAeTC Ha JIAHHBIC, CTATHIECKNA PA3MEIEHHbIE B IIAMATH, OTHOCUTEILHO MOCTOSHHOIO 3HAYCHUS Pe-
ructpa DS. Takue MOy MOXKHO 3arpy’KaTh B MAMSTDb C JIIOOOTO aJipeca, MOXKET ObITh, JHaKe BIEPEMEKKY

¢ maHHbIMU. VIMeHHO Tak u BeayT cebst oBepJieiiHble MeHeIKephl KoMmuassTopos Borland u Zortech.

2.5 3arpyska camoii OC

[Ipu sarpyske camoit OC BoszHUKaeT cueruduyueckas npobjemMa: B IyCTON MaIlnHEe, CKOPeE BCEro, HET IIPO-

I'paMMbI, KOTOpad MOIJIa ObI 3TO caesiaTb.

B kpocc-cucremax sra mpobiiema pemnraercs mpocto. Kak mpaBmiio, 3HaduTebHAS YaCTh TAMSITH Pa3-
JHesseTcs MexK Iy host-cucremoit u niesieBoit. IlamsaTs 1esreBoit cucreMbl MOXKeT ObITH BuaHa host-marnnae Kak
JaCTh €e COOCTBEHHOTO (DH3NIECKOr0 aIpECHOTO IPOCTPaHCTBa (Tak HaspiBaeMas backpane memory), 60
KaK CIeluaJbHoe BHelHee ycTpoiicTBo. [lo npuniuny backpane memory opranm3oBaHbl MHOIHE MHOTOIIPO-

IECCOPHBbIE MAIIWHBI, HAIIPUMED TPAHCIBIOTEPHBIE «(DEPMBI».

Toapobree ympaBeHne TAMSTHIO B 9THX CICTEMAX OIMCHIBACTCA B pasaere 3.3.1
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Hanpumep, B «MukpornporeccopaoMm [IpakTukymMe» IaMsaTh LEIEBOr0 KOMIBIOTEPa Ha IIPOILECCOpe
K580 (Coserckuii KitoH mporeccopa Intel 8080) zarpy»kanacsk u3 host-mammusr InektpoHnka-60 (Coserckuii
kjaou PDP-11) depes mapaJuiesbHblil opT mnocseaneii. Jacto Takas ke TEXHUKA MCHOIb3YeTCsl TIPU OTJIA-
K€ TPOrpaMM Jjis MUKPOKOHTPOJLIEPOB. [yt 9TOH 1e/tn Ha 1eJIeBOil 11aTe JOJIZKHO CTOSTH CIIEIHAIbHOE
ycrpoiicrBo, umuTaTtop 113V, korophlil uMeeT pazbembl, coBliaalue ¢ kpucrasioM [13Y, koTopsrit ipesi-
noJsiaraeTcst TaM rocraBuThb. Cojiepkumoe uMutupyeMoro I113Y MoxkeT 3arpykarbcst B TAKOH UMATATOD Yepe3

HOCHeﬂOBaTeHLHbeI njimn HapaﬂﬂeﬂbeIﬁ IIOPT, NJIX KaKUMHU-TO JAPYTUMU METOJaMU.

B mporeccopax cemeiicTBa TpaHCHbOTED (GUPMBI INMOS MOXKET HCIOJIB30BATHLCS IIOXO0XKAsT TEXHU-
Ka. TpaHCHbIOTep nMeeT YeTbIpe NJIn 60ﬂee BBICOKOCKOPOCTHBIX IIOCJ/IeJOBATE/IbHBIX KaHaJla, Ha3bIBa€MbIX
JUHKAMHU. DTHU JIMHKY HE SBJISIIOTCS BHEITHUME YCTPOMCTBAME, OHU TJIyOOKO MHTEIPUPOBAHBI B apXUTEKTY-
py upotieccopa. Kpome Toro, TpaHCIbIOTED UMEET CIIENUAJIbHBIN Pa3beM, 110 KOTOPOMY II€PEJIAeTCs CUTHAI
boot from link. Ecjiim 3TOT curHas yCTaHOBJIEH, IPU BKJIIOUEHUN MUTAHWUS WM TOC/IE OJIYIeHUs] CUTHA-
Ja cbpoca (reset) TpaHCIBIOTED HAYMHAET YKJATH, TOKA ¢ KAKOTO-TO M3 JIMHKOB He Hpujer GailT, 6obImmii
gem 1. Takoii GaliT BocpmHUMAaETCSd KaK JJINHA COOOINEHHUs, KOTOPOe celdac MOJIKHO MPUATH O ITOMY
ke juaKy. CoobiieHne 3arpyKaercs B MaMAThb C BBIJEJIEHHOIO ajpeca M 3allyCKaeTCs Kak rporpamma. B
Inmos’oBckoit JIOKyMeHTaIuu Takas [IPOIPaMMa Ha3bIBAETCs [MEPBUYHBIM 3arpy3dukoM. Kak mpasBuio, sTa
[IporpaMMa, 3arpyzKaeT CJIeIyIONLyio, 0ojiee CJOXKHYIO, HA3BIBAEMYIO BTOPHUYHBIM 3aIPy3UUKOM, KOTOpas W
3aHMMAETCs WHUIaJm3anueil Bceit cucreMbl. B ciiydae c10:KHOM KOHPUIYypAIMM OHA MOYKET 3aTAHYTH B

IIaMATh eme OAuH, TpeTI/I‘IHbIﬁ 3arpy34uK, KOTOpblf/'I " IIpOU3BEAECT MHUIUAJJIU3AINIO.

[Toxozkuii TTPOIECC MPOUCXOAUT MPU 3arPy3Ke COBPEMEHHBIX OIEPAITHOHHBIX CUCTEM C JUCKA. DTO I10-
CJIeIOBATEILHOE UCIIOIHEHNE BTATUBAIOIMUX APYT APYTra 3arPy34UKOB BO3PACTAIONIEN CIIO?KHOCTHA HA3bIBACTCS

6yrcrpamom (bootstrap), 4ro MOKHO IepeBecTH KaK «BTsiruBaHue |cebst| 3a MHYPKH OT GOTHHOK ».

BobmmHacTBO COBpEMEHHBIX MPOIIECCOPOB HE MMEIOT HUYero MoxoxKero Ha JuHkH. Ilpm BKITIoOUYenmn
[MATAHUS WIK AIIAPATHOM COPOCe TaKHe MPOIECCOPhI UCIOJIHAIOT KOMAH/LY, HAXOISIILYIOCS 110 OIPEIe/IeHHO-
My ajipecy, aTo-Hubyas Tuna OxFFFFFFFA. O6brano 1m0 aTomy ajipecy HaxomutTcs 1I3Y, B koTtopoMm cojep-
JKUATCsI TPOTpaMMa, IEPBUYHOTO 3arpy3unka. Kceratu, TpaHcibiorep OysieT BecTu cebst Tak Ke, €CJIM CUTHAJ

boot from link He ycraHoBJeH.

Ha muorumx cucremax B II3Y ObiBaeT mpommTo HEUTO OOJIBINEE, YeM IMePBUYHBIN 3arpy3dmK. DTO
MOXKeT OBITBH I1ej1ast KOHTPOJbHO-INATHOCTUYECKAsI CUCTEMa, Ha3biBaeMasi KOHCOJbHBIM MOHUTOpPOM. Takast
cucrema ectb Ha Beex MarmmHax Juauu PDP-11/VAX u ma VME-cucremax, paccunranabix Ha OS-9 wmim
VxWorks. Takoii MOHATOP HO3BOJIZET BaM IIPOCMATPUBATEL COJAEPXKUMOE MAMATH 110 3aJaHHOMY aapecy, 3a-
[MACBIBATH TYIa JAHHBIE, 3AIyCKATH KaKyl-TO 00JIaCTh IMaMsTH Kak IIPOrpaMMmy, U MHoroe apyroe. OH ke
[O3BOJISIET BBIOMPATH yCTPOIMCTBO, ¢ KOTOPOTO Oy/IeT MPOM3BOANTLCA NajbHelmas 3arpy3ka. B PDP-11/VAX
Ha TaKOM MOHHTOPE MOXKHO JlakKe IUCATH IPOrpaMMbl, IMOYTH C TaKHM XK€ YCIeXOM, KaK Ha acceMbjepe.

Hy>xkH0 TOSBKO yMETH CUNTATHL B YMe€ B BOCBMEPHUIHON CHCTEME CUUCTIEHUS.

Ha mamubaax ¢pupMbl Sun B Ka4eCTBE KOHCOJIHLHOI'O MOHHTOPA MCIIOJIB3YeTCS MHTEPIIPETATOP S3bIKa,
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Forth. Ha pammmx momensax IBM PC B TI3Y 6bur npommut unrepuperarop BASIC. Mmenno mostomy Kiio-
el IBM PC nmeror orpoMmoe KOJUIECTBO TLIOXO HUCIOIB3YEMOTO aIPECHOTO TTPOCTPAHCTBA BBIIIE CEIMEHTa
0xC000. Ber moxkere yoeanthest B ToM, aro BASIC Tam momKeH ObITH, BBI3BAB U3 MPOrPAMMBI TIPEpLIBAHIE
0x60. Bl osryanTe Ha MoHUTOpEe coobmienne Bpode: NO ROM BASIC. PRESS ANY KEY TO REBOOT. BoobGie
roBopsi, 5ToT BASIC He siByisteTcs KOHCOMBHBIM MOHUTOPOM B CTPOTOM CMBICJIE TOTO CJIOBA, TaK Kak IMOJTYy-
JaeT yIpaBJieHUe He Tepe]l 3arpy3Koil, a JINIIb TMOoce TOTO, KaK 3arpy3Ka CO BCEX YCTPOWCTB 3aBEPIIUIACD
Heyadei.

Ha muOrmx 6oJbIIAX KOMIIBIOTEPAX CYIIECTBYET OT/eJbHasl KOHCOJbHAS IOJICHCTEMA. DTO MAJIO-
MOIIHAS MAIWHA, UCIOJb3yeMasl Jijis WHUIINAIU3AINN IeHTPAJIBHOTO MIPOIECCopa W ero 3arpy3ku. Tak, y
VAX-11/780 BayTpu crout koHncosbHasi PDP-11/03 (¢ koTopoit u ckommpoBana JnekTpoHuka-60; y Hee ja-
JKe KODIIYC TOYHO TaKOM Ke), KOTopas 3arpyzkaerT MHUKpoIporpaMmy B 1poreccop VAX U MHHIMAIU3yeT

KOHCOJIbHBIA TEPMUHAJI.

[Tocste 3amycka KOHCOJIBHOTO MOHUTOPA BbI MOYKETE TPUKA3aTh CUCTEME HAaYaTh 3arpys3ky. Ha IBM PC
TaKOe NPUKa3aHUE OTIAETCS aBTOMATUYECKH, U YacTO 3aIrpy3Ka IIPOU3BOJIUTCS BOBCE HE C TOI'O YCTPOMCTBA,

C KOTOPOI'O XOTeJIOCh obl. Ha sTOoM 1 ocHOBaH >KM3HEHHBII OUKJI 3al'PY309YHBIX BUPYCOB.

[Tportte Bcero mpoucxoauT 3arpy3Ka ¢ Pa3JIMIHbBIX [TOCIEI0BATE/HHBIX YCTPONCTB — JIEHT, IePQOJIEHT,
MarauToOHOB, Mep(OKAPTOIHBIX CUNTBIBaTE el U T.n1. [lepBUYHBIH 3arpy3Ynk CUUTHIBAET B HaMATL BCe,

9TO MOZKHO CHHTaTh C 3aJaHHOI'O yCTpOfICTB& u 1nepenaeT ylupaBJIEHHE Ha Ha4YaJIO TOT'O, 9TO IIPOYUTAJI.

B coBpeMmeHHBIX crcTeMax TakKasl 3arpy3Ka IPAKTUIECKH He UCIOJIB3YeTCst. B HUX 3arpy3Ka Ipoucxo-
JIAT C YCTPONCTB € MPOU3BOJIBHBIM JIOCTYIIOM, KaK IIPABUJIO — C JIMCKOB. [Ipu 9TOM OOBIMHO B IAMSITH CIUTHI-
BaeTCsl HYJIEBOI CEKTOP HYJIEBOH JTIOPOXKKH Jincka. Cojlep:KUMOe 9TOTO CEKTOPa YacTO HA3BIBAIOT HEPBUTHBIM
3arpy34UKOM, XOTs B TepMUHOJIOrHN (hUpMbI Inmos 1o Gyier yKe BTOPUIHBIN 3arpy34uK (IepBUIHbI IPO-
mut B [I3Y). MHaue 5T0T 3arpy3unk Ha3blBAIOT 3arPy304HBIM CEKTOPOM, uin boot-cektopom. Kak
[PABUJIO, STOT 3arpPy34YnK HUINET Ha JINCKe Havaso ¢ailjaoBoit cucremsl cBoeil poxunoit OC, umer B 3T0i daii-
JIOBO# cucTeMe (aill ¢ onpejie/IeHHBIM UMEHEM, 3aKAaUNBAEeT €ro B IMaMsiTh U [I€PEJIaeT Ha HEro yIIpaBJIeHHe.

YacTo Taxoit dhailia u sBasteTcsT SapOM OIMEPAIIMOHHON CHCTEMBI.

Pasmep BrOpruHOro 3arpys3vunka OorpaHUYeH, Hallle BCETO PA3MEPOM CEKTOpa Ha JTUCKe, TO eCTb H12
bairamu. Ecsu daitjioBast cucTeMa UMeeT CJI0XKHYIO CTPYKTYPY, HHOTA BTOPUIHOMY 3arPy39UUKY MPUXOTUTCS
[IO/IKAYaTh TPETUIHBII 3arpy3vnK, pa3Mep KOTOPOIro MOXKeT ObITh HaMHOTO OoJibiie. 13-3a 6oJibiero pazmepa

9TOT 3arpy39UK HAMHOTO YMHEE U B COCTOSTHUU Pa300paThCs B CTPYKTYPaX JAHHBIX (DAlJIOBON CHCTEMBI.

B crapeix Bepcusix MS DOS (3.30 u pamee) sta mpobsema Obl1a perniena erre mnporre: daiiast 10.SYS u
MSDOS . SYS 06st3aHbI 3aHUMATh Ha JHUCKe HEIIPEPBIBHOE MPOCTPAHCTBO. 3arpy30UHBIA CEKTOP HAXOIUT KOPHE-
BYIO JIUPEKTOPUIO, HAXOANUT B HEW CCBLIKU Ha COOTBETCTBYIONHNE (Dalljibl U UX JJIUHY U CINTHIBAET TpedyeMoe
KOJIMYIECTBO CEKTOPOB, HAUMHASI CO CTAPTOBOIO. DTO CYIIECTBEHHO IIPOIIE, YeM pasduparbes ¢ TunoMm FAT,
pa3MepoM KJiacTepa U Beeil OTHoCsIIIelcst K aesty uHdopmanmeil. B panaux Bepcusx DOS stu daiinbr BoobIie

JOJIZKHBI ObLIM JIE2KATh B HadaJje JUCKa.
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JIerko MoHSATDH, YTO IEPBUYHbBIN U BTOPUYHBIN 3arPy3UUKU JTOJKHBI OBITH aOCOJIIOTHBIMU 3arpyKae-
MBIMU MOJLyJISIMH, IIOTOMY YTO BO3JIaraTh Ha IIEPBUYHBIN 3aIDy3YUK HACTPOIKY U IlepeMelleHre BTOPUIHOI'O
IIPOCTO HEYECTHO, & JJIsI HEPBUIHOTO STOT'O IMIPOCTO HUKTO HE MOXKET celaTh. Kak mpaBmiio, TPeTUIHBIH U TO-
CTIEIYIOINNE 3aIPY3UNKN TAKXKE SIBJIAIOTCA aOCOTIOTHBIMYI MOJLYJISME, TIOTOMY YTO y BTOPUYHOI'O 3arPy3vUnKa

XBaTaeT CBOUX IPOOJIEM, KDOME HACTPOUKU &JIPECOB Y 3arpy34HKa CJIEIYIOIIEero ypOBHS.

B coBpemennbix crucreMax BO3MOXKEH €Ie OJUH WHTEPECHBIN CIIOCO0 3arpy3ku — 3arpys3ka C CeTH.
OH mpOUCXOUT AHAJOIMIHO 3arpys3ke ¢ jucKa — craprooe [I3Y mockiiaer B ceThb MakKeT CTAHIAPTHOIO
COJIEpP2KaHusI, KOTOPBII COMEPKUT 3aIlpOC K CEPBEpPY YAAJEHHON 3arpy3KH. JTOT CepBEpP IME€pPeJaeT 0 CETH
BTOPUYHBIN 3arpy34uK, U T.J. Takas MeXaHUKa MOXKET HUCIIOJIb30BAThCS MIPU 3arpy3Ke 0e3TUCKOBBIX PADOTIX

crannuii. Takum ke o6pazom ymeror rpysurbest VAX/VMS, VxWorks u MHOrEE Jpyrue cucTeMbi.

Korma siipo cucrembl, HAKOHEI-TO, OKAXKETCS B IAMSTH, OHO OOBITHO 3AIyCKAET HEKOTOPYIO CIie-
MUAJBHYIO TporpaMmy uHunmanunsamuu. B ciaygae MS DOS Takasi mporpaMMma COIEPXKUTCS B MOJIYJISIX
MSD0S.SYS/I0.SYS. Umeercst B Buy mnporeiypa uatepuperanuu aitiaa CONFIG.SYS. Dra mporeaypa ompe-
JIeJIsieT apaMeTphbl HACTPONKHU CUCTEMBI, JpaiiBephl YCTPOMCTB, KOTOPBIE HYYKHO 3arpy3UTh, U T.JI. B cucreme
UNIX craperx Bepcwuii: System V crapee, vem SVR4, winn crapsix cucremax Bersu BSD UNIX, Bce atu jpaii-
BEpBI U MTapaMeTphbl HACTPONKHU HAMEPTBO 3allUTHI B syipo. [lyisi m3aMeHeHUsi KOH(MUIYPAIUU CUCTEMBI BBI
JOJIZKHBI cobupaTh siipo 3aHoBO. B ciaydyae BSD, koropasi mocrapisiercss B BHe UCXOAHBIX TekcToB Ha C u

acceMbJiepe, BaM, BO3MOXKHO, IIPUIETCsST TaK»Ke ITePEeKOMIININPOBATh 9aCTh MOJIYJIEH.

Tem ne menee, B UNIX umeercs crneruasibHasi HHANMAJIU3AIMOHHAS [IPOrPpaMMa, KOTOpasi TakK U Ha-
3bIBaeTCH - init. DTa mporpaMma 3aIlyCKaeT PasjndHbIe ITPOIECCHI-IEMOHBI, HAIPUMED Cron — IIPOrPaMMYy,
KOTOpasi yMeeT 3allyCKaTh JPYrue 3aJlaHHble eif MporpaMMbl B 3aJaHHBIE MOMEHTHI BPEMEHU, Pa3/IMIHbIE
CeTeBBbIE CEPBUCHI, IPOrPAMMBI, KOTOPbIE YKJyT BBOJA C TEPMUHAJBHBIX ycrpoiicTs (getty), u T.a. To, uro
OHA, 3aIlyCKaeT, BOOBIIE IOBOPH, 3a/[aeTCA B cleruaibioM daiite /etc/inittab®. Agmunncrparop cucremsr
MOXKET PEJIAKTUPOBATH 3TOT (pafil U yCTaHABIUBATD T€ CEPBUCHI, KOTOPBIE B JIAHHBII MOMEHT HYKHbBI, H30aB-
JISIThCSI OT TeX, KOTOPhIe He HYKHBI, 1 T.71. OTyacTu 310 oxoxke Ha Tpymnny startup B MS Windows. Boobrre,

AHAJIOTTIHbINA I/IHI/IH,I/IaJII/IBaHI/IOHHbIIU/I CEPBUC MIPEJOCTABJIAIOT BCE COBPEMEHHDBIE OIll€epallMOHHbIEC CUCTEMBI.

CyLLLeCTByIOT OoIrepalMoOHHbI€ CUCTEMBbI, KOTOPbIE HE yMeIOT CaMOCTOATEJIbHO BBIIIOJIHATDL BECh HUKJI
6yrcrpana. OHE HCIOJIB3YIOT 0OJIce TPUMUTUBHYIO OIEPAIMOHHYIO CUCTEMY, KOTOPas UCIIOJIHAET UX BTOPUY-
HBI (M1 KaKOii 9T0 y2Ke OyJIeT 110 CUYeTy) 3arpy39uK, 1 IIOMOraeT STOMY 3arDy34HKY 3aTSHYTh B IIAMSIThH $1/[PO
OC. Ha nponeccopax i80x86 B kauecTBe cTapToBoil cucrembl yacto uctosbsyercs MS/DR DOS, a sarpy3uunk
nosoit OC odopmusiercs B Bune . EXE-daiira. Takum obpazom yerpoersr MS Windows, DesqView u psanx npy-
rux <«MHorozagadaukoB» s MS DOS. Takum ke obpasom sarpyzkaerca cepsep Nowell Netware, cucrema
Oberon st 1386, mporpammbl, HanucanHble i pas3andnbix paciupuresaeit DOS (DOS extenders) u
T.1,.

Muorue u3 nepeunciaennbix OC, nanpumep MS Windows 3.x u Windows95, ucnosiszyior DOS u Bo

5B pasHbIX BepCHsIX CHCTeMBI 9TOT (bail/l MOXKeT MMeTh pasHoe nMsi. /etc/inittab ncnonssyercs B System V Release 3.
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BpeMda p&6OTI:I B Ka4deCcTBe ,ZLHCKOBOfI IIOACUCTEMBI. TeMm He MeHee, 9T CHUCTEMbl YMEIOT CaMOCTOATE/IbHO 3a-
I'Py>KaThb IIOJIb30BaTC/JILCKNE ITPOI'PAMMBbI X BBIIIOJITHATDH BCE IIEPEINC/ICHHBIEC BO BBEICHUN (bYHKI];I/II/I " JOJIZKHBI,

B COOTBETCTBHH C HaIIUM OIIpE€aeJIeHuEeM, CINTAaThCAd IITOJITHOICHHBIMU OII€PalUMOHHBIMU CUCTEMaMU.

2.6 Co6opka mmporpaMmm

B npenpiaymem pasaene nuia pedb 0 TUMAX UCIIOTHIEMBIX MOYJIEN, HO He TOBOPUJIOCH HU CJIOBA O TOM, KAKIM
00pa3oM 3TU MOJYJIH TOJIydaroTcs. Boobie roBopst, crocob MOoJIydeHus 3arpyKaeMoro MOJYJIsi Pa3JIndeH
B paziuunbix OC, HO B HaCTOsilliee BpEMsi BO BCEX ITUPOKO PACIPOCTPAHEHHBIX CHUCTEMAaX ITOT IIPOIECC
BBITVISIIIUT TPUMEPHO OJIMHAKOBO. DTO CBS3aHO, MPEXKIE BCETO, C T€M, UYTO ITH CUCTEMBI UCIOJIb3YIOT OJHA U

Te 2K€ A3bIKOBbIE IIPOIECCOPDI.

B GoJibiimHCTBE COBPEMEHHBIX S3BIKOB IIPOTPAMMUPOBAHUST IPOrPAMMa, COCTOUT U3 OT/IEJILHBIX C/1a00
CBSA3aHHBIX MOy ei. Kak mpaBmiio, KaxKJI0My TaKOMY MOJIYJIIO0 COOTBETCTBYET OT/e/IbHBIN (haill mcxomHOro
TekcTa. Dru ballabl He3aBUCUMO 00PAbATHIBAIOTCS S3BIKOBBIM MPOIECCOPOM (KOMITUIISITOPOM ), U JIJIsl KaXK-
JIOTO M3 HUX TEHEPUPYETCsT OTAETbHBIN haiiy, Ha3bIBAeMbIi OOBEKTHBIM MOYJIeM. 3aTeM 3allyCKaeTcst
mporpamMma, Ha3blBaeMas PeJaKTOPOM CBsi3€il, KOMIIOHOBINUKOM min jiuHkepoM (linker — Tor, KToO

CBSABBIBAET), KOTOPast (DOPMUPYET U3 33 JaHHBIX OOBEKTHBIX MOJYJIEl IIETHHYIO IPOrPAMMY.

Wurerpuposannbie cpejpl, tura Turbo Pascal uiau Borland C/C-++ opranunszoBaHbl TakuMm ke 06-
pPasoM, TOJIKO B HUX KOMIIUJIATOD M PEJAKTOpP CBsI3€H 110 KAKUM-TO COODParKEeHUsIM COOpaHbl BMECTE C
TEKCTOBBIM PEJAKTOPOM U «ODOJIOUKON» — MOJYJISIMU, KOTOPBIE MEPEXBATHLIBAIOT COODIEHUs 00 ormmbkax

KOMIINJIATTNAM 1 T. .

OO6beKTHBII MOJIYJIb OTYACTH IHOX0XK 110 CTPYKType Ha IepeMeNiaeMblil 3arpy304Hbiil MomyJib. [leii-
CTBHUTEJIbHO, MbI, KAK IIPABUJIO, HE 3HAEM, B KAKOM MECTe I'OTOBOH MPOIPaAMMbl OKAXKyTCsl OOBLEKTHI, OIpe-
JesjeHHble B HameM Momayse. OObeKT B JTaHHOM CIydae O3HadaeT JI00YIo CYIIHOCTD, 00JIaJaONIyI0 aIpECOM.
DTO MOYXKeT OBbITh IIepEMEHHAs B CMBICJIE S3bIKA BBICOKOTO YPOBH:A, TOYKA Bxoia MYHKIuUH, U T.;1. [losTomy
OO'bEKTHBII MOJIYJIb JIOJIZKEH COJIEPKATH CTPYKTYPY JAHHBIX, MOX0XKYIO Ha TaOJIUIly HEepeMENIeHnil B 3arpy-
309HOM Mojysie. MoKHO, KOHEYHO, TOTPe0OBaTh, YTOOBI BECh MOJLYJIb ObLI MO3UIMOHHO-HE3aBUCUMBIM, HO
3TO, KaK T'OBOPHUJIOCH BBIIIE, HAKJIA/IbIBAET OYEHb »KeCTKHE OIPAHUYCHUA Ha CTUJIb IIPOIPAMMHUPOBAHNLA, & HA
MHOruX mporeccopax (Hampumep Intel 8085) mpocro mesosmozkuo. Kpome Toro, mo npudnHam, ONUCAHHBIM

HHZKE, 9TO HEBO3MOXKHO 6006’&46.

Kpowme ccbltok Ha coOCTBEHHDBIE 00BEKTHI, OOBEKTHBIN MOY/Ib UMEET IPABO CCHLIATHCA Ha OO BEKTHI,
OIIpEJIeJIEHHBIE B JAPYTUX MOAY/IsAX. THUNUYHBIH MpUMep TaKOoW CCHIIKKA — obpaleHne K (PyHKIIUH, KOTOPast
ompesiesieHa B Apyrom daitie ncxomHoro rtekcra. CaMplil MpOCTOil CIocob OTCAEKUBATH TAKUE CCHIIKH —

cobpaTh uX B TaOJIUILY.

Takux Ta6JII/ILL HOJIZKHO OBITH JB€: BHEIIHUEe O6’beKTbI, Ha KOTODPBbIE CCBbLJIa€TCA MO/YJIb, U O6’beKTI)I,

OolIpeieJIEcHHbIe BHYTPU MOAYJId, Ha KOTOPbIE MO2KHO CCbL/IaATbCA HU3BHE. O6bruno ¢ Ka2KJIbIM TaKHWM 00DbeK-
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TOM aCCOIIMHUPOBAHO MMs, Ha3bIBacMOE rJI00aJIbHBIM CUMBOJIOM. Kak IpaBUJIO, 3TO UM COBIIaJacT C UMEHEM

COOTBETCTBYIONIEN DYHKITUU WJIM [IEPEMEHHON B UCXOJIHOM SA3bIKE.

OjtHa U3 TPYIHOCTEH COCTOUT B TOM, UTO 3HAYEHUE CUMBOJIA MOYKET OBITH OIPEJIEJIEHO JIBYMS CIIOCO-
OaMu: KaK OTHOCUTEJIHHBIN aJ[pec BHYTPHU MOJYJIsS MJIM KaK abDCOJIOTHOE 3HAUeHUe. JaIle BCero UCIoab3yeTcs
nepBbIil criocob. Bee agpeca dyHKINT U 1IepeMEHHBIX B OOBIYHBIX s3BIKAX BBLICOKOT'O YPOBHS, TaKUX KakK
C, C++ wmwm Fortran, onpejesiorcs UMEHHO TaKUM 0Opas3oM. BTopoii ciiocob MOXKET KCIOJIb30BaThCS B

accembJtepe:

IIpumep 2
.asect
; JampHelmuii KoJ BXONWT B CIeIUalbHHM abCooTHHE .psect
.org 0100
.globl SYMBOL
SYMBOL: .word 7

Takast KOHCTPYKIIAS OIPEIESUT O0OBEKT, KOTOPBIN OyaeT HaxoauThes 1o ajpecy 0100 He3aBUCHMO
OT TIOJIOYKEHUsI COOTBETCTBYIONIEr0 OOBEKTHOIO MOJYJI BHYTPU HIPOTPAMMBI, U /ayKe OT 3arpy309UHOTO al-
peca caMoif IporpamMMbl. DTO MOXKET OBITH IT0JIE3HO IpU paboTe ¢ 0TOOParKEHHBIMU Ha ITaMsiTh BHEITHUMH

YCTPOHCTBAMU, MEXKIIPOrPAMMHOM B3aMMOJEUCTBUAN U T.JI.

Yurarenb, HABEPHOE, €Ille He TOHSI, B YeM Ke TPYIHOCTb. A TPYIHOCTH COCTOUT B TOM, UTO MPHU
CCBLIKE Ha CHMBOJI MBI HE 3HaeM, KaKUM U3 JIBYX CIIOCODOB OH ObLT ompejesieH. [losroMmy mpu cchuikax
Ha BHEITHUE O0BEKTHI MbI JIOJIPKHBI UCIIOJb30BATH TOJIBKO ADCOJIIOTHYIO apPECAIlui0. JTO YCJIOBUE, KPOME
TOro, 3HAYUTE/ILHO YIIPOIIaeT pabory juHKepa. Ho, ¢ Jpyroil cTOpoHbI, 9TO JI€JaeT HEBO3MOXKHOM COOPKY

IMOBUITMOHHO-HE3aBUCUMBIX IIPOT'PaMM U3 HECKOJIbKHX lVIO,ILyJIeIU/I.

B GosbmmncTse CYIIECTBYIOIUX CHUCTEM MbI BCE-TaKU MOZKEM CCBIJIATHCA Ha BHEITHNE CUMBOJIBI IIPDU

IIOMOIIM OTHOCUTEJIbHON afapecamnuu. HampuMep, MbI MOXKEM HAIIMCATD Ha acceMOjiepe HedITO BPOJIe:

IIpumep 3
jmp SYMBOL - $

e $ o3HadaeT ajpec TeKyIell KoMaH bl Kesm Haln JIMHKep cobupaeT abCOIIOTHBIN 3arpy309HbIi MOTYJIb,
Takasd KOHCTPYKIIUSI HOPOJIUT BIIOJHE pa3yMHBII Ko, marke ecan SYMBOL mpejcraBiisier coboit abCOTIOTHBII
cuMBOJI. B cilydae ke rmepeMernaeMoro MoJlyJisi Takas KOHCTPYKITHS MOXKET CO31aTh OOJIBbIIHE CJIO2KHOCTU
WJIN BOODIIE OKA3aThCs HEJIONMYCTUMON. /leficTBUTE/IbHO, B IepeMelaeMOM MOJLyJIe Mbl J00aBJIsieM HavaIbHbBIN
3arpy304HBIN aJIpec KO BCEM CChLIKAM Ha abCOJIIOTHBIE aJIpeca, & U3 TAKOH CCBLIKU MBI JIOJI2KHBI €10 8blYeCDb.
JL71st 9TOr0 MBI JIOJIZKHBI, KAK MUHUMYM, YMEThH 3aJ[aBaTh TAKYyIO Ol€PAINIO B TabuIle nepemertennii. [Ipocras
TabJINIa Ha IJ1a3aX [IPEBPAIAeTCs B IEJIbIi KOMaHIHbIN s3bIK. HAacKoJIBKO aBTOpaM n3BecTHO, opMaT . exe-

daita MS DOS rTakoro He Mo3BOJISET.
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Ecisin B 3arpy3ounom Mojysie mnpespalieHie TabJnIbl IepeMeIieHnil B IporpaMMy Ha HEKOTOPOM KO-
MaHJHOM TICEBJIOSI3BIKE MOXKET OBITh HEXKEJIATEJIHLHO, TO B 00BEKTHOM MOJIyJIe OHO Hen3bexkHo. [leiicTBuTE IH-
HO, JIJIst KaXKJI0i CChUIKM Ha BHEITHUI 00BEKT MbI JIOJI?KHBI YMETh CKa3aTh, ABJISIETCS 3Ta CChLIKA abCOJIIOTHOM
WA OTHOCUTEJIBHOU, UK 3TO BOOOIIE JOJIKHA OBITH PA3HOCTb WM CyMMa JIBYX WJIH Jlaxke Oojiee aJipecoB, u
1.0, s onpenenennst 00beKTa, C JIPYTroil CTOPOHBI, MBI JIOJI?KHBI YMETh CKa3aTh, 9TO 9TO abCOJIOTHBIA WIH
mepeMenIaeMblil CHMBOJI, WJIN JlayKe ITO OH PaBeH APYyTOMY CHMBOJIY ILTIOC 3a3JaHHOEe CMellenne, u T.1. Kpome
TOro, B OOBEKTHBIX (hailjlax MOXKET COJIEPKAThC OTIaI0UHasi HHpOpMaIyst, (opMaT KOTOPOl MOXKET OBbITh
OYeHb CJIOKHBIM. [loTOMYy 0OBEKTHBIN (hailyl peicTaBseT coboil JTOBOJBHO CJIOXKHYIO U PBIXJIYIO CTPYKTY-
py. Pazmep cobpanHoil mporpaMMbl MOXKET OKA3aThCs B J[Ba WA TPU pa3a MEHBIIE CyMMBbI JIJIMH 00 bEKTHBIX

MOLYyJIeH.

Urak, THINYHBIH 00BEKTHBIN MOIY/Ib COMEPIKUT CAEIYIONINE CTPYKTYPhI JaHHBIX:
e Tabiuiy mnepeMernieHuii, T.e. TAOJIUILY CCBLIOK Ha IepeMeniaeMble 00beKThl BHYTPH MOJTYJIS.
e Tabsyuiy ccoimok Ha BHemHME 00beKThI. HOTIA 9TO Ha3bIBaeTCs TAOJIUIEH MJIM CIIMCKOM UMIIOPTA.

e Tabsyimiy 0ObEKTOB, OIIpeIe/IeHHBIX 3/1eCh, HA KOTOPbIE MOYKHO CCBLIATBLCI U3 APYyrux momayneil. Mmorma

€€ Ha3bIBaIOT CIIMCKOM 3KCIIOpTa.

WNuorna sty Tabiuily 00beuHSIIOT C IPEABIIYINE 1 Ha3bIBAIOT BCE 9TO TaOJIHUIEH TVIO0AILHBIX CHMBO-
JI0B. B aTOM cilyvae st KayKJIOro CUMBOJI& IMPUXOIUTCS YKa3bIBaTh, ONPEIEJEeH OH B JAHHOM MOJLYyJIe

I HET, a €CJIK OIIpeIeJIEH, TO KaK.

e Pazymunyio cirykebHY0 HHGMOPMAIMIO, TAKYIO, KaK UMs MO/LyJIsi, IPOrPAMMYy, KOTOpPasi ero co3iajia

(manmpumep crpoka "gcc compiled")
e Omraounyo HHPOPMAIIHIO.

e CobcTBeHHO KOJT 1 TaHHBbIe MOy Isi. Kak mpaBuio, sta mHdopMaliust pa3duTa Ha KMEHOBAHHBIE CEKIIUH.
B masm/tasm rakue cekinuu HasbiBaorcst cermenTamu, B DEC osckux u UNIX oBbix accembiiepax —
MIPOrpaMMHBIME ceKImsiMu (psect). B rorosoit nporpamme Becb KOJ| WK JaHHBIE, IPUHA/JIEXKAIINE

K OIHOI CeKInu, cOONPAIOTCsT BMECTE.

Kpymable mporpaMMbl 9acTO COCTOSIT U3 COTEH U Dojiee OTAeabHBIX Moaysei. Kpome Toro, cyrecTBy-
[OT pa3JInYHbIE IAKETHI HOAIPOrPAMM, TaKXKe COCTOSIIME U3 OOJIBIIOr0 KOJIndecTBa Moy e, OIuH U3 TakKux
ITAKETOB HCIOJIB3YETCsT ITPAKTUIECKH B JIIOOOH ITporpaMMe Ha SI3bIKe BHICOKOI'O YPOBHS — 9TO TaK Ha3bIBaeMas
craHmapTHasi bubanoreka. st permrerust mpobsieM, BOSHUKAIOIINX MPHU HOMIEPKAHUN MTOPsiIKa B HabOpax
13 OOJIBIIIOTO KOJIMYIECTBA OOBEKTHBIX MOJMYJIEH, elle Ha 3ape BbIUUCIUTEIbHON TEXHUKU OBLIU MPUIYyMAaHbI

OubJIMOTEKN OO BEKTHBIX MOIYJIEH.

Bubimoreka, Kak MpaBUjIo, IMPeACTABIIIET MMOCIeI0BATEIbHbIN (ailyl, COCTOAINI U3 3aro/IOBKa, 3a
KOTOPBIM IIOCJIEIOBATEILHO YIOXKEHBI OObEKTHBIE MOJIYJIM. B 3arojloBKe COIEPKUTCS CIeayIontast mHpOpMa-

ud:



2.6. EBopKA npol'pAMM 24

o Crmcok Bcex 0ObEKTHBIX MOJLYJIell, CO CMeIeHneM KaxKI0T0 MO/IYJIsI OT HadaJia OnOInoTeKn. JTO HyKHO

JIJISI TOTO, YTOOBI MOYKHO OBIJIO JIETKO HAlTH TpeOyeMblil MOIY/Ib.

e Cmmcok BCeX IIODAIBLHBLIX CHMBOJIOB, OIIpEAE/JIEHHBIX B KaxKJ/IOM H3 MO,HyJIeIU/I, C YKa3aHHUEM, B KaKOM

UMEHHO MOJYJI€ OH ObLII OIIpeIeJICH.

JIuakep OOBIMHO cOOUpaeT B MPOrpaMMy BCe OObEKTHBIE MOJYJ/IM, KOTOPhIE OBLIN €My 3aJaHbl B KO-
MaHIHON CTPOKE, JIarKe eCJIU Ha 9TOT MOJYJIb He OBbLI0 HU OJHOU cchbliku. C OUOIMOTEIHBIMUA MOYJISIMU OH

BegeT cebsl HECKOJILKO HHAadJe.

BerpernB cchlIKy Ha 100aJIbHBIN CHMBOJI, JIMHKED UIIET OIPeesIeHre 3TON0 CHMBOJIA BO BCEX MOLY-
JISIX, KOTOpBbIe eMy ObLIN 3aJaHbl. K TaM Takoro cuMBoJIa HET, TO JIMHKEP MINET STOT CUMBOJI B 3ar0JIOBKE
6ubsimoreku. Eciu ero et u Tam, Junkep ropoput: He ompezmener cumson SYMBOL u 3aBepimaeT padoTy.
HexkoTopble JUHKepHI, IpaBia, MOI'YT IPOLOIKATE PabOTy U Jayke cobOpaTh 3arpyKaeMblil MOLYJIb, HO, KaK
[PaBUJIO, TAKUM MOJLYJIEM II0JIb30BATHCSA HEJIb3sl, TaK KaK B HEM COIEPXKHUTCS CCBhLIKA Ha HEKOPPEKTHBIA al-
pec. Ecim ke onpenesnenne cuMBojia B OMOINOTEKE €CTh, JUHKED BHITACKUBAET COOTBETCTBYIOIIUI MOIY/Ib U
JaJibIlie PaboTaeT TakK, OYATO 3TOT MOIYJIb OBLT 33IaH €My HapaBHE ¢ OCTAJIbHBIMA OOBEKTHBIME (hailmamu.
DTOT MPOIECC TOBTOPHAETCS JI0 TEX MOP, MOKa He OyJIyT paspeleHbl Bee TJI00AJbHbIE CChLIKH, B TOM YUCJIE U
Te, KOTOPbIE BO3HUKJIA B OMOJIMOTEIHBIX MOJYJ/ISAX — WM [OKa He OyIeT OOHADPYKEH HEOIPEIeJICHHBIN CHM-
BOJI. Biiaromapst TakoMy aJirOpuTMy B MPOTPAMMY BKJIIOUAIOTCS TOJIBKO T€ MOIY/IU U3 OUOJIMOTEKH, KOTOPhIE

HY2KHBI.

Bo MHOrmx coOBpeMEHHBIX CHCTEMaX C BUPTYaJbHONW MaMITBIO CYIIECTBYeT IMOHATHE pa3esseMoil
oubmoreku. C TOUKHU 3pEeHUsT JIMTHKEPA OHA OTJINYAETCsI OT OOBITHON TeM, UTO OH BCerjia 00sI3aH HACTPpanBaTh
ee Ha OJIHM U Te K& BUPTYaJIbHBIE ajipeca, U He MMeeT IpaBa MPOW3BOIUTH IIEPEHACTPONKY CaMOro KoJIa
bubmoreku. Kpome Toro, 3ToT KOJ XPAaHUTCS BOBCE HE B 3arpyzkKaeMOM MOJIyJe, a B OTAeJIbHOM daiie.
Yacro sTor daitn npeacrapisger coboit 3arpyKaeMblii MOIYJIb CIEIUAJILHON CTPYKTYPhI. Bee mporpaMmebl,
HCIIOJIL3YIOIINE TAKyI0 OUOIMOTEKY, B JeHCTBUTEILHOCTH pabOTAIOT C OHOIN KOIHel ee KOja, HO KaxKast 3
HUX CO3/TaeT CBOIO KOIHIO €€ JAHHBIX. JTO JOCTATOYHO CHJIHLHO SKOHOMUT IMAMATh U JIMCKOBOE ITPOCTPAHCTBO,
HCIIOJIb3yeMOe JIjIsi XPAHEHUs MIPOrpaMM, OCODEHHO B ciydae OoJbiux Ombamorek, Takux, Kak X Window

Toolkit.

B cymecTBy1oT Tak:ke oneparmoHHbIE CUCTEMBI, ITPOU3BOJISINIE COOPKY IIPOrPAMM B MOMEHT 3arpys3-
ku. B Takux cucreMax mcuesaeT pas/indaue MKy abCOTIOTHBIMUA U OTHOCUTEIbHBIMU 3aIDyKAEMBIMU MO/TY-
gamu. Kak mpaBmiio, mporpaMMa MpuBA3bIBAETCSI K TOMY aJIpecy, ¢ KOTOPOTo OHA OyeT 3arpykeHa, Kak IIpu

abCoTIOTHON 3arpy3Ke, HO IIPHU 9TOM CaM aJIPeC MOYKET U3MEHATHCS.

HexkoTopbie apXuTeKTyphl IPOIECCOPOB MOJJIEPYKUBAIOT TUHAMUIECKU I1€pecoOOUPaeMble IPOTIPAMMBbI,
y KOTOPBIX BCs HACTPONKA MOJIyJisi BbIHECEHA B OTJICJIbHYIO Tabsuily. B aToMm ciydae MOmysb MOXKeT OBITH
IIPUJIMHKOBAH OJIHOBPEMEHHO K HECKOJIBKUM IIPOrpaMMaM, HCI0JIb30BaTh OJJHOBPEMEHHO Pa3Hble KOIIMHU Cer-

MEHTa JaHHbIX, W KaxK/Jad HWHKapHallusd MOJYJIA IIPU 9TOM JJdazKe HE 6y11,eT IIoJ03peEBaTh O CyIIeCTBOBaHUU
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npyrux. IIpumepom Takoil apxuTekTypsl aBiasgerca Pascal-cmcrema Lilith, paspaborannas H.Buprom, n ee
nacsegankn Kpornoc/N9000.

B stux apxurekTypax KaxKmaplit O0beKTHBII MOYJIb COOTBETCTBYET OTHOMY MOJIYJ/IIO B CMBICJIE sI3bIKA BHICOKOTO
yposust Oberon (uu NIL - N900O Instrumental Language). Jasee mbl Gymem onuceiBarh apxurekTypy cucrembl N900O,

IIOCKOJIBKY aBTOPBI C Hel JIydiie 3HaKOMBI.

Momyas mMoxkeT uMeTh He 6osiee 256 mporieayp, He 6osee 256 IepeMeHHBIX U CChLIATLCS He Oostee, TeM Ha, 256
apyrux Momyseit. Ko Moy st siBjisieTcsi MO3UITMOHHO-He3aBUCUMbBIM. J[aHHBIE MOJTYIst COOPAHBI B OTJIEIbHBII CEIMEHT, U
T KaK IO MHKAPHAIIUU MOJTYJIsI, TO €CTh JJIsi KaXK 0! TPOrPAMMBI, KOTOPast 3TOT MO/IYJIb UCIIOIb3YET, CO3/IAETCH CBOSI
KOITUsI CerMEHTa JIAHHBIX. B Hadaje cerMeHTa COJEp:KUTC Tabymia mepeMeHHbIX. CTPOKH 3T0i TabJMIbl cojepKaT
Jub0 3HAYMEHWs] — JIJIs CKAJSIPHBIX IIEPEMEHHBIX, TAKMX KaK IIeJI0e JHCJIO WIN YKa3aTesb, JbO ajpeca B CerMEHTe
HaHHBIX. KpoMe TOro, cerMeHT IaHHBIX COJAEPXKHUT CCHLIKY Ha CEIMEHT KOJa. DTOT CerMEHT KOJa COJIEpPXKUT B cebe

TabJIAILY aJIPECOB TOYEK BXOJA BCEX OINPEIEJICHHBIX B HEM (DYHKITHIA.

CcbUIKI Ha BCe BHEIIHNE MOIYJIN CO6paHbI B Ta6.HI/ILLy, KOTOpas TaKzXKe COAECP2KUTCA B CEeIrMEHTE JaHHBIX.

Bremmnii MOIYJIb OIIpeaeIdAeTCda HavaJIOM €ro CerMeHTa JaHHbIX.

Bce ccbiikn Ha 0OBEKTHI B JIAHHOM MOJYJIE OCYIIECTBJISIIOTCS Yepe3 WHJIEKC B COOTBETCTBYIOIIEH Tabjuile.
CcpuIKy Ha BHEITHUE MOJYJIA UMEIOT BUJ HHIEKC MOZLYJS: KHAEKC OObeKTa.

CerMeHT JMaHHBIX HE MOXKET COJIEPKATHh HUKAKUX CTATHYECKN WMHUIMAJA30BAHHBIX JTAHHBIX. Best mHUIMAIIN-
3alid IIPOU3BOJUTCH CHEINUAJIBHOU IIPOIEAYyPOi, KOTOPad BBI3bIBACTCA IPU CO3JAHUUA KaKJOU HOBOW HHKApHAIUNA
MO/TYJISI.

Bce st cBoiicTBa peann3oBaHbI B CHCTEME KOMAHJ, IOITOMY HAKJIAIHBIE PACXO/bI OTHOCUTEIHFHO HEBEJIMKH.
Tounee, onn HeBeauku 1Mo cpasHeruio ¢ Intel 80286, Ho y»Ke BeJMKOBATHI MO CPaBHEHUIO ¢ 1386, a MO CPABHEHUIO C
coepemenabiMu RISC-mporieccopaMu njin cucreMaMy THUIIA TPAHCIIBIOTEPA OHM CTAHOBSITCS YK€ HEJIOILYCTUMBIMU.

BuHo, 9TO B cuCcTEMe MOXKET CyIIeCTBOBATH HECKOJIBKO IIPOTPpaMM, ODOPAIAOIINXCS K OJHUM U TeM K€ MOJLY-
JIIM U MCIOJIb3YIOIIUX OJHY U TY YK€ KOIUIO KOoJa MojtyJis. IIpobsem ¢ abcomoTHO M /0OTHOCUTEIHHOM 3arpy3Koit BOOOIIE
HE BO3HUKAET.

Omneparmonnas cucrema TC ms N9000 6b11a” ocHoBana Ha cO0pKe IIPOrpaMM B MOMEHT 3arpy3Ku. B cucreme
MMeJIach Clennaabaas KoManaa load — «3arpy3uTh BCe MOJYJIH, HCIIOIb3yeMble IIPOrPAMMON, U PA3MECTUTh JIJIs HUX
CEerMeHTHI JAHHBIX, HO CaMy IIPOrpaMMy He 3aIlyCcKaTb». B maMaTH MOIJIO CH/IeTh OJHOBPEMEHHO HECKOJIBKO IIPOIDAMM;
[IPU 9TOM MO/LYJIN, UCIOJIb3YEMbIE HECKOJBKUMU U3 HUX, 3aIPY2KAJIUCh B OJHOM K3€MILIsIpE. DTO 3HAYUTEIBHO yCKO-
psiio pabory. Hampumep, MOKHO OBLIO 3arpy3uTh B MAMSTh TEKCTOBBIH PEIAKTOD, W 3AIYCK €r0 3aHUMAJI OBl JI0JIU

CEKYHJIbI, BMECTO JIECATKOB CEKYH/I, KOTOPbIe HYZKHBI JIJIsl 3arPy3Ku ¢ KecTKoro jucka dupmsr U30T.
JIr060IBITHO, YTO KOTJIa HAadYajach pPeaJM3alls CUCTEeMbI IIporpaMMmupoBaHust Ha s3bike C 1t 9TOI Maru-

HBI, IIO0 psAAY HNPUYNH OBLIO penieHo He CBA3bIBATHCA C ,HI/IH&I\H/I‘{GCKOIU/I C6OpKOI./JI7 a CO6I/IpaTb OOBIYHBIE IepemMeniaceMbIie

3arpy304YHbIE MOJTYJIN.

Boobme, cpenn coBpemenubix OC [10BOJIBHO MHOI'O CHCTEM, HCIIOJIB3YIONUX TOT WMJIM WHOU CII0CO0
cbopku 1pu 3arpyske. Takum obpasom ycrpoer, Hanpumep, Novell Netware. Takum ke o6pasoM opranusoBan

PSSl cucTeM peajbHOro BpeMernu, Takux kKak OS-9 mam VxWorks.

" ABTOpHI He YBEPEHBI, CYIIECTBYET JIM B HACTOSIIIEE BPEMsI XOTsI ObI O7fHa pabOTOCIOCOOHAST MAITMHA STOTO THUIIA.
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Co6opxka 11pu 3arpy3Ke CyIIeCTBEHHO 3aM€ JISET [IPOIECC 3arpy3KH IIPOIPAMMbI, HO YIIPOIIAET, C OJHON
CTOPOHBI, pa3jefeHre KO/a, a C JPYTroil CTOPOHBI — pa3paboTKy mporpamm. leficTBuTenbno, U3 Kiaaccude-
CKOTO TIHKJIa BHECEHUSI M3MEHEHHUsI B MTPOTPAMMY: PEJaKTUPOBAHNE TEKCTa — MEPEKOMITUIISIINS — TepecbopKa
— mepesarpyska (IporpaMMbl, He 00s3aTeIbHO BCeii CHCTeMbl), BhImagaeT reas dasa. B ciaydae 60sbImoit
pOrpaMMBL 9TO MOXKeT ObITh jumTesbHas dasza. B ciyuae Novell Netware permnaromuM okasbiBaeTcs IepBoe

nIpenMyniecTBo, B CjJayvdae CUCTEM peaJIbHOI'O BpEMEHU OJMHAKOBO Ba2KHbI oba.

B cucremax MS Windows u OS/2 ucnosb3yercst criocob 3arpy3ku, IpOMeKyTOIHbIH MeXK /1y cOOpKoii B
MOMEHT 3arpy3Ku 1 cOOPKOil 3apaHee. 3arpy309UHBII MOLYJ/Ib B 3TUX CUCTEMAaX MOYKET OBITh ITOJTHOCTHIO CAMO-
JIOCTATOYHBIM, & MOXKET COJIEPIKATh CCBUIKU Ha Ipyrue Moyu, Hasbiaemble DLL (Dynamically Loadable
Library — qunamudecku 3arpyzkaemast 6ubanoreka). Camoe Xopoliee B 9T0il cxeMe TO, 4T0 MOJyJIb, 110 COB-
CTBEHHOMY KEJIAHHUIO, MOXKET BBIONPATH pasdauyHbie Onbanorekn. EanHCcTBEeHHOE OrpaHUIeHHe COCTOUT B TOM,

qTO TaKue OnbINOTEKN 00A3aHbI OBITH COBMECTUMBIMU 110 BLI3OBAM.

Hanpuwmep, nporpamma Corel DRAW! MozkeT mMIOpTHPOBATE U 9KCIIOPTUPOBATEH N300PayKeHUsI B pas3-
JINYHBIX BUJIAX, HAYWHAsI OT cOOCTBEHHOrO BHyTpeHHero ¢gopmara .CDR mim Windows Bitmap, u konuas
CUJIBHOYTIAKOBAHHBIM (POPMATOM Jpeg Wiin Clienuau3npoBaHHbIMU (popMaTamu, Bpoje Targa-daitios. Um-

IIOPT U IKCIOPT KaxKJA0To popMaTa BbIIOHsIETCA oTneabHoi DLL.

DLL ma mepBblit B3MVIsSLI KaXKyTCsl YIOOHBIM CPEJICTBOM pa3ieseHus] KOJa U CO3IaHUs OTIEJbHO 3a-

IPyzKaeMbIX ITPOTPAMMHBIX MOJYJIeil, HO OHU UMEIOT OYeHb CEPhe3HOe OIPDAHU'IEHNE.

DTO OrpaHUYIEHUE MPOSIBJISIETCS, KOTJIA MBI IIBITAEMCSI CO3/1aTh B MHOTOIpoIieccHoit cpeme DLL mrst pa-
OOTHI C pasjie/iseMbIM PECYPCOM, HAIIPUMED MHOTOOKOHHYIO IpadUuIecKyio cucTemMy Jijis paboThl HECKOJIBKUX
3a/1a4 C pasessieMbiM TepMuHaaoM. Kak 6yaer mokazano B pazjese 4.2, DLL, paboTatorast ¢ pa3aesasieMbIMI
JIAHHBIMU, HE CMOXKeT 00pabaThIBaTh OJIHOBPEMEHHO JIBA BBI30BA M3 PA3HBIX MPOIECCOB. DTO CO3ACT MHOTO
pobJieM, paspelrenne KOTOPhIX JTU00 HEBO3MOXKHO B IIPUHITAIIE, JIMOO COIIPSI?KEHO ¢ OOJIbIINMU HEyI00CTBa-
mu. [TosTOMy B MHOTOIIPOIIECCHOH Cpejie HaM IPUIETCS BBIIEJIUTh OKOHHYIO CHCTEMY B OTIEILHBIN MIPOIECC
1 0opopMJIATE oOpalleHus K Heil He KaK OOBIYHbIE BBHI3OBLI MPOIEIYD, & KaK IMOCHLIKY COODIIEHU Cpe/icTBa-
MH MEXKIIPOIeCCHOTO B3ammoeiicTBusi. Hampumep, Takum oO6pa3oM peaim30BaHa ceTeBasi OKOHHAST CACTEMA

X Windows, peanuzoBannas Ha scex OC cemeiicrsa Unix 1 MHOIMX APYrux CUCTEMAX.

CpejicTBa MEXKITPOIIECCHOTO B3aUMONIEHCTBUS OyIyT MOJApobHEee 00CYKIaThcs B pasjeie b, a cefiuac
MBI CKaXXeM TOJIBKO, 9TO 3TU cpejicTBa B coBpeMeHHBIX OC 10 MOIIHOCTH HE YCTYHAIOT HPSIMOMY BBI3O-
By nporeaypbl. CyliecTByeT jiazke MOJIENb B3anMOJIelcTBIs, KoTopast Tak u HasbiBaercs — RPC (Remote
Procedure Call — Vianennsiit Bbi30B 1poiieaypbl). Camo coboii, TaKoe MCIO0JIb30BAHUE 9TUX CPEJICTB CONPO-
BOXKJIA€TCsi OGJIBINIMME HAKJIAIHBIMU PACXOJAME, Y€M IIPSIMOIl BBI30B; 3aT0 MbI OJIyIaeM HAMHOI'O OOJIBIITYIO
cBODOJIy — HAIPUMED, MBI MOXKEM 0ODpaIaThCsi K IIPOrpaMMe, UCIOJIHSIIONIEHCsT Ha JIPYTOM IIPOIECCOpe UJIn
BOOOIIE Ha JIPYroii MallumHe, WIN Pa3fearh obuwmii pecype (Hampumep, oOuLyo 6a3y JAHHBIX) C JIPYTHM

IIPOTIECCOM.

ITostomy To, uro B MS Windows nemaerca npu nmomomu DLL, B 6osbmuncrse coBpemennbrx OC
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peams3yeTcs CpeACTBaMU MEXKIIPOIIECCHOTO B3anMOICHCTBIA.

Kpowme Toro, ucnonnzosanue DLL cuibHO 3amejisieT IPOIECC 3arpy3KHU TPOTPAMM U HECKOJIBKO CHU-
JKaeT ODIIYI0 MPOU3BOINTEILHOCTh CHCTEM C BUPTYaJIbHOM maMsThio. CucreMbl cemeiicTBa Unix ucrosb3yto-
Iye MOHOJIMTHBIN 3arPy30UHBIH MMOJIYJIb U /WU pasjessemble 6ubamoreku, 3amMeTHo Obicrpee, uem OS/2 u

Windows NT, ucniosnsyrormume DLL.



I'maBa 3

YipaBijieHue onepaTuBHOII aMATbhIO

OCHOBHOIT pecypc CHCTEMBI, pacipejiesieaneM Koroporo 3aanmaercss OC — 510 oneparuBHast TaMsThb. [loaTomy
OopraHmn3alus ImaMAT OKa3bIBaeT 60.HBLHOG BJIMAHNE Ha CTPYKTYPY U BOSMO2KHOCTH OC B HaCTOsAIIee BpeMs
CJIOKUJIACH JTake Oojiee MHTEpecHasI CUTyalus — nepenocuMas omneparmonnas cucrema UNIX, paccunrannas
Ha MalllMHbI CO CTPAHUYIHBLIM JUCIIETICPOM ITaMATH, IIPOU3BEJIA JKECTKUIT OT6Op7 n Tenepb IIPpaKTUYIeCKN BCe
cepbe3Hble MAIIMHBI, HaduHas oT i386 1 3aKkaHYuBasg CylIepKOMITBIOTEPAMH WK, cKaxkeM mporeccopom Alpha,

UMEIOT UMEHHO TaKyIO OPpraHU3alluIoO IMaMATH.

3.1 OTkpbiTasg DaMsITh

Camblit TpoCTO#f CIydail yIpaBIeHnsT TAMSATHIO - CHTYAIINST, KOT/Ia JTUCTIETYED TaMSITH OTCYTCTBYET, U B CUCTE-
Me MOXKeT OBbITh 3arpy»KeHa TOJIbKO Oj(Ha nporpamma. Vmenno B Takom pexkume paboraror CP/M u RT-11 SJ
(Single-Job, onmozamaamnast).

B srux cucremax mporpaMMbl 3arpykatorcst ¢ (ukcuposansoro ajpeca PROG_START. B CP/M sro
0x100; B RT-11 — 01000. B azpecax ot 0 10 Hagaja IporpaMMbl HAXOISITCS BEKTOpa npepbiBanuit, a B RT-11
— TaKKe M CTeK nporpamMmbl. Cama cucTeMa pasMellnaeTcs B cTapiinx ajapecax maMmaTtu. Axapec SYS_START, ¢

KOTOPOI'0 OHa HAYMHAECTCHA, 3aBUCUT OT KOJIUYECTBa ITaMATH Yy MalllUHbI 1 OT KOH(bI/IpraLLI/II/I camoit OC.

B sToMm cyuae yrpaBieHne TaMsaThIO CO CTOPOHBI CUCTEMBI COCTOUT B TOM, UTO 3arpy3UNK IIPOBEPSIET,
TIOMECTHUTCSI JIN 3arpyrKaeMblil Momy/b B mpocTpancTBo oT PROG_START g0 SYS_START. Ecim ob6bem mamsaT,
KOTOPBIN HCIIOJIb3yeT IIporpaMMa, He Oy/IeT MEHATHCsI BO BPEMsI €€ MCIIOJIHEHUS, TO Ha 9TOM BCE yIIPABJICHUE

1 3aKaH4YNBaCTCA.

OpsHako mporpaMma MOXKET HCIOJIB30BaTh JIMHAMUYECKOE YIIPaBJIEHUE MaMsIThIO, HApUMeD (PYHK-
o malloc () mim 9T0-TO B 3TOM pojie. B aTom ciaydae yxke kox malloc() T0/DKEH CIIEAUTD 38 TE€M, YTOOBI
HEe 3aJIe3Th B cucTeMHble ajpeca. Kak mpaBumio, IuHaMudecKas IaMATh HAUUHACT PA3MEIAThCs C ajpeca
PROG_END = PROG_START + PROG_SIZE. PROG_SIZE B maHHOM CjIydae 0DO3HAYAET IOJJIHBINA pa3Mep IporpaM-

MBI, TO €CTh Pa3Mep ee KOJa, CTATHIECKUX JAHHBIX U 00JIACTHU, BBIIEJIEHHON IO CTEK.

28
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Oyukius malloc () mnomiepKuBaeT HEKOTOPYIO CTPYKTYPY JAHHBIX, CIAEISIILYIO 33 TeM, Kakue OJI0Ku
IaMsTUA U3 YK€ BBIJIEJIEHHBIX OB OCBOOOXKJEHBI. [Ipu KaxkjjoM HOBOM 3allpoce OHa CHadYasa UIeT OJIOK
MOIXOJAIIEro pa3Mepa B CBOEH CTPYKType JAaHHBIX M, TOJBKO KOTJA 3TOT IIOMCK 3aBEPHINTCA Heyladel,
OTKYCBIBAET HOBBII OJIOK AMATH y cUCTeMBbI. JIJIs 9TOro mcnoJib3yercs rnepeMeHHas, KoTopas B bubinoreke
sa3bika, C HazbiBaercst brklevel. MznauaibHo 9Ta nepemennas paHa PROG_END, ee 3HaUeHUE yBEJIUINBACTCS
[IPU BBIJICJIEHUN HOBBIX OJIOKOB, HO B HEKOTOPBIX CJIYUasX MOXKET U YMEHBIIATHCS. DTO IMPOUCKOJUT, KOTIA

porpamMma, 0cBoO0XK1aeT OJIOK, KOTOPBII 3aKaHINBAECTCS HA TEKYIeM 3HadeHun brklevel.

3.2 AJropuTmbl JUHAMUYECKOTO YITPABJIEHUS MTaMATHIO

Juuamudeckoe pacrpejiesienne mnaMsiTé (ero erne WHOIJA HA3bIBAIOT ylpaBjieHueM Kydeil (pool wuiu
heap)) npejcrasisier coboit HerpuBHasbHyo npobsaemy. JleficrBuresibHO, aKTUBHOE HCIIOJIb30BaHUe (DyHK-
nuit malloc/free MOXKeT IPUBECTU K TOMY, UTO BCsI JOCTYITHAS IMaMsITh OyieT pa3bura Ha OJIOKU MaJEeHbBKOTO
pasmMepa, U TOIBITKA BbIIEJICHUS OOJIBIIOr0 OJIOKA 3aBEPITUTCS Heyaadeil, Jayke ecjii CyMMa JJTUH MAJIeHb-
KX OJIOKOB HAMHOT'O 00JIbIe TpebyeMoil. DTo siBjieHre Ha3bBaeTcsi pparmeHTamueir mamsitu. Kpome Toro,
0OJIBIIIOEe KOJIMIECTBO OJIOKOB TpedyeT JInTeIbHOrO rmoucka. CyIecTByeT Tak:Ke MHOI'O MEJKUX TPY/IHOCTE
pasmoro poma. K cyacTbio, 1e0oBeveCTBO 3aHUMAETCS MPOOJIEMON pacupeieseHus MaMsaTH y2Ke JaBHO, U

HaleHO MHOI'0 XOPOIIUX UJIU IIPUEMJIEMbIX PeIleHU.

B saBucumocTn ot permaemMoit 3a1an UCTIOTB3YIOTCST PA3TUIHBIE AJTOPUTMBI TOMCKA CBOOOTHBIX HJ10-
KOB TaMsTh. JleficTBUTEIbHO, TPOrpaMMa MOYKET TPebOBATH MHOXKECTBO OJIOKOB OJIMHAKOBOTO pa3sMepa, WJIH
HECKOJIbKUX (PUKCHPOBAHHBIX PA3MEPOB. DTO CHJILHO OOJjierdaer perieHue mpodseMbl hparMeHTAIM U I10-
ncka. BO3MOXKHBI CATyaInu, KOTaa 6JJOKM OCBODOXKIAIOTCST B TIOPSJIKE, OOPATHOM TOMY, B KOTOPOM OHHU BbI-
JIEJISJIACH. DTO MO3BOJISET CBECTHU BbIJIEJIEHUE TAMATH K CTEKOBOH CTpyKType. BO3MOXKHBI cuTyanum, KOrjia
HEKOTOPBIE U3 3aHSATHIX OJOKOB MOXKHO IIEPEMECTHTDH 10 HaMsATH. Tak, Hanpumep, dyHkimio realloc() B

pannux peaymsanugax cucreMmbl UNIX M0xKHO 6B1I0 UCIIOIB30BaTh UMEHHO ISl 9TOH IeJIn.

B crammaprHBIX OHOJIMOTEKAX SI3BIKOB BBICOKOTO YpOBHsI, Takux Kak malloc/free/realloc B C,
new/dispose B Pascal u 1.71., Kak IpaBusI0, NCHOJIB3YIOTCSA aJTOPUTMbI, PACCUUTAHHbIE HA XYJIINI CJIydaii:
nporpamma Tpebyer 6JI0KHU CIIydaiiHOrO pa3Mepa B CIIydaiiHOM MOPsiJIKe U OCBODOXK TAET UX TaKKe CIIy YailHbIM

obpazom. Boszmoxken, mpasa, 60/1ee HEIPUATHBIN CJTydaii:



3.2. JIMaAMUuEcKAs nAMsrb 30

IIpumep 4
while(TRUE) {
void * bl = malloc(random(10));
/* Cnyuaiueii pasmep or O mo 10 6adT */
void * b2 = malloc(random(10)+10);
/x ... or 10 mo 20 6auT */

if (b1l == NULL && b2 == NULL) /* Eciu naMaTu HeT */

break; /* BHUTH U3 HuUKIa */

free(bl);
}
void * b3 = malloc(150);

/* Cropee Bcero, maMaThb He OyZeT BhmeneHa */

B pesyibrare ucnosiHeHus TaKO# TPOrpaMMBbI BCS JOCTYIHAS IMAMATH OyJIeT «IIOpe3aHa Ha JIAIIIIY»
MEXKTY JIIOOBIMU JIBYMsi CBOOOJIHBIMEU O/IOKAMU OYJIeT pPasMelleH 3aHAThIN 00K MeHbinero pasmepa. K caa-
CTBIO, IpUMEP 4 HOCUT MCKYCCTBEHHBIH XapakTep. B 0OBIMHBIX MporpamMMax Takasl CUTyalldsl BCTPEIACTCS
PEIKO, U 9aCTO OKa3bIBAETCS IIPOIE UCIPABUTH IIPOrPAMMY, U€M BHOCUTH MU3MEHEHUsI B YHUBEPCAJILHBIN aJi-

TOPUTM YIIPaBJICHUA Ky4ei.

BapI/IaHTbI AJITOPUTMOB DPacClIpeJesICHUA [TaMATU UCCJICI0BaJIUCh €€ B 50-e I'OAbI. Wrorn muorosaer-

HEro u3y4eHus: 3ol npobaeMbl IPUBEIEHBI B [2] 1 MHOIUX JApyruxX yueOHUKAX.

BOSI\/IO}KHBI AJITOPUTMBI paCIIpeJIeJCHUA ITaMATN ABYX TUIIOB: KOr'Jla pa3Mep 6JIOKa ABJIFAETCA XapaK-
TEPUCTUKON camMoro 6JI0Ka, 1 KOTIa ero COODIMAI0T OTASIBHO TP 0CBOOOXK IeHnn. K ITepBOMY THITy OTHOCHTCSI
malloc/free, ko Bropomy — GetMem/FreeMem B Turbo Pascal. B mepBom ciriydae ¢ KaxKIbiM OJIOKOM acco-
IUUPYETCST HEKOTOPBIH JTEeCKPUIITOP, KOTOPBIA COMEPXKUT IJIUHY 9TOr0 OJIOKa U, BO3MOYKHO, KaKyIO-TO eIlle
nHMGOPMAINO. DTOT JECKPUITOP MOXKET XPAHUTHCA OTIAEILHO OT OJI0Ka, Wn OBITH ero 3arojoBkoM. Mmorma
TaKOil TeCKPUIITOP «OKPyxKaeT» OJIOK, TO eCTh COCTOUT U3 ABYX METOK — B HadaJie OJI0Ka 1 B ero Kouie. Jlis

9ero 3TO MOXKeT OBITDH MTOJIE3HO, OyIeT 00CYKIaThCS HIKE.

O06BIYHO BCe CBODOHBIE OJIOKN ITAMSITH O0bEIMHSIOTCS B JIBYHAIIPABJICHHBIN CBsI3aHHBIH crimcok. Crim-
COK JIOJIZKEH OBITDH JIByHAIIPABJICHHDBIM JIJIT TOT'O, YTOOBI U3 HETO B JII000# MOMEHT MOXKHO OBIJIO U3BJICYD JII000iT
os0k. Bupodem, eciin Bce IeiCTBUS IO U3BJICYCHUIO OJIOKA IIPOU3BOIATCS IIOCJE ITOUCKA, TO MOXKHO CJIETKa
YCJIOXKHUTD MPOIEIYPY ITOUCKA W BCErJa COXPAHATD yKa3aTe/lb Ha MPEIbLIYIInii OJI0K. DTO perraeT Ipodemy
n3BJieuYeHUdA U MOZKHO OI'DaHUMYIMTBHLCA OJHOHAIIPABJICHHBIM CIIMCKOM. Be,ua TOJIBKO B TOM, YTO MHOIue aJiro-
pPUTMBI TIp OOBLEIMHEHUH CBODOIHBIX OJIOKOB M3BJIEKAIOT UX U3 CIIMCKA B COOTBETCTBUU C AJIPECOM, ITOITOMY

JJIgd TaKUX aJI'OPUTMOB ILByHa.HpaBJIeHHbe/'I CIIMCOK OCTPO HeO6XO,ZLI/H\/[.

[Ipu nepBoM B3IIsiIe HA TTPOOIEMY BO3HUKAET KeJIAHHE OTCOPTUPOBATH CIHUCOK 110 pasMepy OJIoKa.



3.2. JIMaAMUuEcKAs nAMsro 31

Ha camowm jiesie 910 6€CCMBICTIEHHO: BPEMsT IIOUCKA, B COPTUPOBAHHOM CIITHCKE YJIy4IIaeTCs BCET'O B JIBa Pa3a 110
CPABHEHHUIO C HECOPTUPOBAHHBIM (BOT B MACCHUBE WJIH B JIEPEBE — COBCEM JIPYTOE JIEJI0), 3aT0 JOOABIISETC Bpe-
MsT BCTABKHU B CIIHCOK, nponopunonaibaoe O(n), rie n — pazmep coucka. [Tomernars 610K B COPTUPOBAHHBIIH
MAaCCHUB elre Xy»Ke — BpeMst BctaBku cranoBurcs O(n + log(n)) u mosiBiasieTcst orpaHndenne Ha KOJIUIECTBO
6s10k0B. crosib3oBaHne X3MI-TabJ/IuI WM JBOMIHBIX JE€PEBbEB TPEOYET DOJIBINX HAKJIAIHBIX PACXOIOB W
YCJIOXKHEHUH TPOrpaMMbl, KOTOPBIE ce0st B UTOre He OompaBibBaioT. [109ToOMy HCIOB3YIOT HECOPTUPOBAHHBIH

CIIMCOK.

[Touck B crmcke MOXKeT BECTHUCH JBYMsl CIIOCODAMMU: JI0 HAXOXKJeHUsI ITIepBoro noaxoxsiero (first
fit) 6oka nswm 110 6J10Ka, pasMep KOToporo GJIMzKe BCero K 3alanHoMy — Hanbostee noaxossiero (best fit).
J1Jtst HaXOoXK IeHnsT HanboJ1ee MOIXOIAIIEr0 Mbl 00S3aHbBI IPOCMATPUBATH BECH CITUCOK, B TO BPeMs KaK IePBbIi
MIOIXOISIIIIAI MOYKET OKa3aThCsl B JTIOOOM MeCTe, U CpeJiHee BpeMsl ITOUCKa Oy1eT MeHbIne. HacKoJIbKO MeHbIIe
— 3aBUCHUT OT OTHOIIEHUS KOJIUIECTBA MOAXOSIINX OJIOKOB K 0bmmemy KosudecTBy. (Huraresnn, 3HAKOMBIE €

Teopﬂeﬁ BEPOATHOCTH, MOTYT CaMOCTOATE/IbHO BBIYUCJIUTDL 3TY B&BI/ICI/H\IOCTB).

Kpome toro, B obmiem cirydae best fit yBenuuubaer dpparmenraruio namsatu. [leiicrBuresibHO, ecin
MBI HAIIUIA OJIOK € Pa3MepoM OOJIbINE 3aJIAHHOTO, MBI JIOJI2KHBI OTJ/ICJIUTH «XBOCT» U HOMETUTH €ro KakK HO-
BbIll cBOOOMHBIN OJi0K. [loHsiTHO, uTO B citydae best fit cpennwmit pasmep sToro xBocra OyleT MajeHBKUM,
1 MbI B UTOT'€ IIOJIYyIUM 60.HBLHO€ KOJINYeCTBO MEJIKUX 6.)'IOKOB7 KOTOpPbI€ HEBO3MOXKHO O6”be‘ZLI/IHI/ITb, TaK KaK

IPOCTPAHCTBO MEXKJIy HUMU 3aHATO.

[Ipu ucnonnzoBanun first fit ¢ suHeHHBIM JBYHATPABIEHHBIM CIIUCKOM BO3HUKAET CITEII(DUIECKAsT
npobsiema. Ecii KaxKIpiit pa3 mpoCMaTpPUBATE CIHCOK C OJHOTO U TOTO YK€ MeCTa, TO HOsIbIme OJIOKH, PacIIo-
JIO2KEHHBIE OJIMKe K Hadasry, OymayT daiie yaauaaTbes. COOTBETCTBEHHO, MeJIKie OJI0KU Oy/IyT UMeTh TEHJICH-
IO CKATIMBATHCS B HadaJje CUCKA, ITO YBEJIMYUT CpeJiHee BpeMst ToNcKa. [IpocToit crmocob 60pbobI ¢ 9TuM
SIBJIEHUEM COCTOUT B TOM, YTOOBI TIPOCMATPUBATEH CIIMCOK TO B OJIHOM HAIIPABJIEHUH, TO B JApyrom. Bosee pa-
JIMKAJIbHBIN U erre 6oJiee MPOCTON METOJI COCTOUT B TOM, UTO CIUCOK JICJIACTCS KOJIBIIEBBIM, U ITOUCK KaXK bl
HaYMHAETCS C TOTO MECTa, IJIe Mbl OCTAHOBUJINCH B IPOILIBIH pa3. B 9To ke MecTo 100aBIAI0OTCH 0OCBOOOINB-
muecst 6j10ku. B pesyibrare crincok oueHb 3(hhEKTUBHO MEPEMEITHBACTCST 1 HUKAKOW «AHTUCOPTUPOBKU» HE

BO3HUKaECT.

B curyarmusax, korjga Mbl pa3meriaeMm 6JI0KM HECKOJIBKIX (PUKCUPOBAHHBIX Pa3MEpPOB, aJITOPUTMBI best
fit okasbiBatorcs Jydrre. OgHAKO OMOINOTEKHN PACIIPEIETIEHUsI TAMSITH PACCUUTHIBAIOT Ha XYIIIUI CIydai, u

B HUX OOBIYHO HCIIOJIB3YIOTCS AJIrOpuTMbI first fit.

B caydae paborer ¢ 6ii0KaMU HECKOJIBKUX (DUKCHPOBAHHBIX PA3MEPOB HAIIPAIIUBAECTCS TAKOE peIlie-
HUE: CO3JaTh JJIsi KaXKIO0r0 THUIIOPA3Mepa CBOM CIMCOK. DTO u30aBJIsIeT TPOrPAMMUCTA OT HEOOXOIMMOCTH
BBRIOMpaTh MexK Ty first u best fit, ycrpansier nmonck B crimckax Kax siBJIGHEE. . . KOpOUe, PeIaeT cpa3y MHOIO

pobJieM.

I/IHTepeCHbeI BapUaHT 3TOI'0 IIOJAXOAa JJIA CIyvdasd, KOTJda Pa3JIUIHbIC Pa3MEPDbI ABJIAIOTCA CTEIICHAMN

qucia 2, Kak 512 6aiit, 1K6aitT, 2K6aiiTa u T.11., Ha3piBaeTca aaropurmMomM 6Jm3HeroB. OH COCTOUT B TOM,
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9TO MBI UIIEeM OJIOK TPeOyeMOro pasMepa B COOTBETCTBYIOIIEM CIMCKE. KC/IM 3TOT CIMCOK IIyCT, Mbl OepeM
CIIICOK OJIOKOB BJIBOE OOJIbITIEro pasmMepa. [loryaus 610K BIABOE OOJIBIIETO pa3Mepa, Mbl JEJIUM €r0 MTOIOIaM.
Hemykuy10 MoI0BUHY MBI IIOMEIIAEM B COOTBETCTBYIOIIMI CIIMCOK CBOOOIHDBIX OJIOKOB. JII0OOIBITHO, 9TO HAM
COBEPILEHHO HEBAXKHO, ITOJIYUMJIN JII MBI 9TOT OJIOK IIPOCTO U3 COOTBETCTBYIOLIETO CIHMCKA, MM YKe JIeJIEHHEM
IIOII0JIAM BYETBEPO OOJIBbIEro 6JI0Ka, 1 Jajee 1mo pekypceun. OQHO U3 IPENMYIIECTB 9TOI0 METO/1a COCTOUT B
pocTOoTe 00beAnHeHns OJIOKOB P UX 0CBOOOXKIeHnN. JleficTBUTEIbHO, ajipec 6/I0Ka-OIU3HEIa, IOy IaeTCsI
MIPOCTBIM MHBEPTUPOBAHUEM COOTBETCTBYIOIIEro OmTa B ajpece Hariero 6Jioka. Hy»KHO TOJIBKO IMPOBEPUTH,
cBODOOIEH i 9TOT Osim3Her,. Eciin o ¢BOOOEH, TO MBI 00beINHSIEM OPATHEB B OJIOK BIBOE OOJIBIIETO pa3Mepa,

U T.II.

AjropuT™M GJIMBHEINIOB 3HAYUTEBHO CHUXKAET (PparMEeHTAINIO TaMsITH U PE3KO YCKOPsIET HMOUCK 6JI0-
koB. HanboJiee BazKHBIM IPEUMYIIECTBOM 3TOIO MOAX0/1a SABJIAETCS TO, YTO Jlazke B HAMXY/IIIEM CJIydae BpeMs
noucka He npesbimaer O(10g(Smaz) —10g(Smin)), T1€ Smaz 1 Spmin 0603HAIAIOT COOTBETCTBEHHO MAKCUMAJIb-
HBII 1 MEHUMAJIBHBIH pa3Mepbl HCIIOJIb3yeMbIX 6JI0KOB. DTO JIeJ1aeT aJrOpUTM OJU3HEN0B TPYIHO3aMEeHIMbIM
JIIST CUTYyaIMil, KOr/1a HeoOXO MO rapaHTUPOBAHHOE BpeMsl peaKIlni — HalpuMep, JJId 3a/1a4 peabHOro Bpe-
MeHH. JacTo 3TOT aJropuTM WM €ro BapuaHThI MCIOIL3YIOTCA I BblAeaeHns namaTta ayTpu gapa OC.

Hampuwmep, dyuknus kmalloc, ucnosnb3yemasi B sjpe OC Linux, ocnoBana nMEHHO Ha AJITOPUTME OJIM3HEIIOB.

Pazpaboruuk mporpaMmbl JUHAMUYIECKOTO PAaCHpeie/ieHns TaMaTh O0s3aH PEIUTh eIle OJHY BaXK-
HYIO TIpODJIeMy, 8 UMEHHO — 00beuHEeHne CBOOOIHBIX OJIOKOB. JlelicTBUTEIbHO, OOMIHO, €CJTU MBI IMEEM CTO
CcBODOTHBIX OJIOKOB I10 OJTHOMY KHUJIODANUTy M HE MOXKeM CJeJIaTh U3 HUX OJanH OJIOK B cTo KuaobaiT. Ho ecin
BCe 3TU OJIOKU PACIIOIOXKEHBI B MAMSITH OJMH 33 JPYTHUM, & Mbl HE MOXKEM UX IPH 3TOM OO0BEIUHUTH — ITO
npocTo yHusuteabno. Kpome Toro, eciam Mbl ymeeM 00beIUHATHL OJIOKA U BUIUM, 9TO OObEIUHEHHDIN OJIOK
OrpaHuYeH CBepxy 3HadeHueM brklevel, TO MbI MOXKEM BMECTO IOMEIEHHUS TOr0 OJIOKA B CIUCOK IIPOCTO

YMEHBIUTD 3HaUenne brklevel u, TakuM 00pa30M, BEPHYTh HEHYKHYIO MAMSITEH CUCTEME.

PaCCMOTpI/IM CII0COODI peneHnd 3TOI HpO6HeMI)I. O,ZLI/IH CII0COD YIIOMUHaJICA B OIIMCAHUU aJITOPUTMa

6JH/I3H6HOB, HO OH IIPpUT'OZIEH TOJIBKO B 0CODBIX CJIydasdx.

IIpencraBum cebe mj1st HaUAIA, ITO BCE, IYTO MBI 3HAEM O OJIOKE, — 9TO €ro HAYaJIbHBIN aapec 1 pasMep.
Takast cuTyaluss BOSMOXKHA [IPU BBIIEJCHUN HAMSITH «BTOPOTO POJAy, T.€. KOIa PasMep OCBODOXKIAEMOrO
OJI0Ka TepesiaeTcss Kak mapamMerp mporenypbl FreeMem. Kpome Toro, Takoe BO3MOXKHO M B CJIyUasiX, KOTIA

JECKPUIITOD OJI0KA COMEPXKUT TOJBKO €ro JJINHY.

Jlerko IIOHATDH, 9YTO 3TO OYC€HbDb IIJIOXasl CUTyallud. ﬂeﬁCTBI/ITeJIbHO, JJI O6’])€,H,I/IH6HI/ISI 0JIOKA C cocegdaMu
MbI JOJIZKHDBI HallTM UX B CIIMCKE CBO60,ILHBIX, njim >Ke Y6e,ILI/ITbCH, q9TO TaM HX HET. ,HJIH 9TOI'0 Mbl JOJIZ2KHbI
IIPOCMOTPEThL BECHb CIIMCOK. B IOopdaKe MO3TOBOI'O HITYpMa MO2KHO BBbICKa3aTb HJICIO COPTUPOBATL CIIMCOK

CBODOTHBLIX OJIOKOB IO aJIpecy. . .

lopazmo mpore 3amoMuHATD B JIECKPHUIITOpPe OJIOKA yKa3aTeJ W Ha JeCKPUIITOPHI COCETHUX OJIOKOB.
Hewmmoro passuB 3Ty uaeio, Mbl IPUXOAMM K METOY, KOTOPBIN YIIOMUHAJICS B HAJaje pasjiesia. ITOT METO.

Ha3bIBACTCA aJTOPUTMOM IIapHBIX METOK M COCTOUT B TOM, YTO MbI ,ILO6aBJIHeM K KaxKJI0My 6.HOKy II0 ABa
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CJIOBa ITaMATH.

Hmenno ciadsa, a me baiita. /lesjo B ToM, 9T0 Tpebyercst J0OABUTH JAOCTATOIHO MECTa, ITOObI XPAHUTDH TaM
pas3mep 6Ji0Ka B baiitax uin cioBax. OObBIYHO TaKoe YHCJIO 3aHUMAET CTOJIbKO XK€ MeCTa, CKOJIbKO U aJpec,
a pasmMmep cjioBa OOBIYHO paBeH pa3mepy ajpeca. Ha x86 B peasbHOM pexkume 3TO HE TakK, HO 9TO BOOOIIIe

JIOBOJIBHO CTPaHHBIH IIPOLIECCOoP.

Urak, MmbI nobaBsisieM K OJIOKY JIBa CJI0Ba — OJIHO CIIEPEH, APYyroe c3aiu. B 0b6a cjioBa MbI 3aIChIBAEM
pasmep 6J10Ka. ITO U €CThb TOT JECKPUIITOP, KOTOPBI OKpY2KaeT 6JioK. [Ipu 9ToM MBI rOBOpUM, 4TO 3HAYEHUS
JIJTHHBL OV T MOJIOYKUTEJILHBIME, €CJid OJIOK CBODOJICH, U OTPHUIIATEIBHBIME, eCid OJI0K 3aHAT. MOXKHO CKa3aTh

n HaO60pOT, Ba>KHO TOJIBKO IIOTOM CO6JHO,ZL&TI) 9TO COIJIalll€HUE.

IIpencrasum, 4To MBI 0cBOOOXKIaeM OJ0K ¢ ajipecoM addr. CuuraeMm, yro addr mmeer Tuin word *,
U 1pu [00aBJIEHUU K HEMY IEJIBIX YUHUCeJI PE3YJIbTUPYIONHNI ajpec OylIeT OTCUNTBIBATLCS B CJIOBAX, KaK B
sizbike C. Ijist Toro 94To0bl IpOBEPUTH, CBOOOIEH JIM €r0 COCEJ] CIEPEIH, MBI JIOJXKHBI IIOCMOTPETH CJIOBO C
agpecoMm addr - 2. Ecim oHO oTpHIATEIBHO, TO COCEJN 3aHAT, U MbI JOJKHBI OCTaBUTH €ro B mokoe. Eciu
7K€ OHO TIOJIOXKHUTE/IFHO, TO Mbl MOYKEM JIEI'KO OIPEIE/IUTD aJpec Hada a 3Toro O10ka Kak addr - addr[-2].
Onpenenus ajpec Hadaa OJIOKA, MBI MOXKEM JIETKO OOBEIUHUTH ITOT OJIOK ¢ OJIoKOM addr, HaM Hy»KHO
TOJILKO CJIOXKUTD 3HAYEHUs] METOK-IECKPHUIITOPOB U 3aINCaTh MX B JECKPUITOPHI HOBOI'O OOJIBLIIOrO OJIOKA.

Ham mazke He Hy»KHO OymeT 100aBJIsSITh OCBOOOXKIAEMBIN OJIOK B CIIMCOK U U3BJIEKATH OTTYIA €ro cocenal

IToxokum o6pa30M OpucoeJnHAeTCA U CcoCe/l C3a . E,ZLI/IHCTBQHHOG OTJINYIrEe COCTOUT B TOM, YTO 93TOI'O

cocejia BCe-TaK! HY2KHO U3BJIEKATH M3 CIIUCKA CBOOOIHBIX OJIOKOB.

JlomoaHUTEIbHOE MIPEUMYIIECTBO IIPUBEIEHHOIO aJIlOPUTMAa COCTOUT B TOM, UTO MBI MOXKEM OTJIABJIU-
BaTh TaKWe OIMIMOKHU, KaK MHOTOKPaTHOE OCBOOOXKIEHNE OJHOr0 OJI0OKa, 3alliCh B MAaMATh 3a IPaHUIeil 6J10Ka
U UWHOTA Jake obpallleHne K y»Ke OCBOOOXKIeHHOMY OJIOKy. JleficTBUTEIbHO, MBI B JIIOOOIT MOMEHT MOXKEM
[IPOBEPUTH BCIO IEIOYKY OJIOKOB IMaMSITH U yOEIUTHCS B TOM, UTO 6CE CBOOOIHBIE OJIOKH CTOAT B CIUCKE, UTO

B HEM CTOAT MOADBKO CBO60,ZLHI)I€ 6JIOKI/I, 9TO CaMM IIEIIOYKa U CIIMCOK H€ HCIIOPpY€eHbl, U T.II.

ITO ACHCTBUTETBHO OOJIBINOE HIPEUMYIIIECTBO, TaK KaK OHO 3HAYUTEJIBHO ODJIErIaeT JIOBJIO OMUOOK PabOTHI
¢ yKaszaressiMH, 0 KOTOpbix B pykopojcrse mo Zortech C/C4++4 ckazaHo, 9TO <«OIBITHBIE MPOrPAMMHECTEI,

YCJIBIIIAB 9TO CJIOBO [«pointer bug» — npum. aBr.|, 6eaneror n npsayTcs 1mojx croas ([4)).

I/ITaK, HanJIydIIUM U3 U3BECTHBIX YHUBEPCAJIbHBIX aJITOPUTMOB JINMHAMUYIECKOI'O pacCIipe/ie/IeHu A ITaM -
TH ABJIFACTCA aJITOPUTM ITapHbBIX METOK C O6’b€‘,H,I/IHeHI/IeM CBO60,H,HLIX OJIOKOB B ,H,BYHaHpaBJIeHHbIIL/’I KOJII)H,GBOI'?'I
CIIMCOK M ITIOMCKOM IIO0 IIPUHITUITY first fit. DTor aJITOPUTM obecriequBaeT npuemMJieMyIlo IIpOu3BO/IUTE/IbBHOCTD
IIOYTH JJIsI BCEX CTpaTeFI/Iﬁ pacrpeie/yicHnd IaMATh, NCIIOJIb3YEMbBIX B IIPDUKJIAAHBIX ITpOrpaMMax. Takoit aJi-
TOPUTM HCIIOJIB3YyETCsdA IIPAKTUYIECCKH BO BCEX DeaJIu3alludaXx CTaH,ILapTHOﬁ 6ubmorexku si3pika, C 1 BO MHOIHX
JAPpYyrux Curyanudx. ,HPYFI/IG N3BECTHBIC aJITOPUTMBbI JIb0 IOPOCTO Xy2Ke, YeM I9TOT, Jb0 IIPOABJIAIOT CBOU

npenMyIiinecTBa TOJIBKO B ClIEIHAJIbHBIX CJIyYdadX.
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K ocrnoBHBIM HeagoCTaTKaM 3TOro aJIr'OpuTMa OTHOCUTCA OTCYTCTBUE BerHeﬁ T'paHUIIbI BPEMEHN II0-

MCKa TIOIXOSIIEro 6JI0Ka, 9TO JIeJIAeT ero HEeIIPUEeMJIEMbBIM JIjIs 3aJ1a9 PeajbHOIN0 BPEMEHM.

HexoTroprblie cucTteMbl TpOrpaMMUPOBAHUS UCIOIB3YIOT CIICIIUAJIBHbBIN METOJ OCBODOXKIEHUS JTUHAMU-
JeCKOH MaMsITH, Ha3bIBaeMblil COOPKOM Mycopa. DTOT METOJ[ COCTOUT B TOM, UTO HEHY>KHbIE OJIOKU ITaMSITH
HE 0CBODOXKIAIOTCS BHBIM 00pa3oM. BMECTO 9TOro ucCIoib3yeTcs HeKOTOPBIi 6oJiee WIu MeHee U30MIPEHHBIHI

AJITOPUTM, CJIEMIAINN 32 TeM, KaKue OJIOKU elle Hy»KHBI, & KaKue — y2Ke HeT.

CamMblil IPOCTOI METOJ OTJINYATh UCIIOJIb3yeMble OJIOKH OT HEHYXKHBIX — CUUTATh, UYTO OJIOK, HA KO-
TOPBIIl €CTh CCBLIKA, HYXKEH, a OJIOK, Ha KOTOPBI HU OJHON CCBUIKH HE OCTAJOCh — He Hy»KeH. st aToro
K KaXXJOMy OJIOKY HPUCOEIUHSIOT JECKPHUIITOP, B KOTOPOM IOJCUUTHIBAIOT KOJIMYECTBO CCHLJIOK Ha HErO.
Kaxnas nmepenavua ykazaress Ha 3TOT OJIOK HTPUBOIUT K YBEJUUYCHHUIO CUETYHKA CCBUIOK Ha 1, a Kaxkjoe

yYHUYITOXKEeHHE O6’b6KTa, ColepzKaBIIEro yKasaTesJlb — K YMEHbIIIEHUIO.

Brpouem, npu TakoMm 1moxo/ie BOZHUKAET crenuduaeckas mpodaema. Ecan y Hac ecTsb mukIndecKumit
CITMCOK, HA KOTOPBIN HET HU OJHOM CCHIIKKA U3BHE, TO BCE O0BEKTHI B HEM OYIyT CINTATHCA UCIOIb3YEMbIMH,
XOTsl OHU U SABJIAIOTCH MycopoM. Eciin MbI 110 T€M MJIM MHBIM [IPUYUHAM YBEPEHDI, 9TO KOJIbIIA HE BOZHUKAIOT
WA BO3HUKAIOT OYEHb PEJIKO, METOJI II0/ICYeTa CCBLJIOK BIIOJIHE [IPUEMJIEM; €CJIU YK€ Mbl UCHOJIb3yeM I'padbl

IPOMU3BOJILHOTO BUIA, HEOOXO UM 60J1€€ YMHBIN AJITOPUTM.

Bce ocrasibabie MeTO/BI COOPKH MyCOpa TaK WIH WHAYE CBOJSTCS K IOJJIEPyKAHUI0 0a3bl JIAHHBIX O
TOM, Kakne OOBLEKThI Ha KOI'O CChbuIaioTcd. Vcmob3oBaHme TAKONH TEXHUKHU BO3MOXKHO HMPAKTUYECKHU TOJIb-
KO B MHTEPIPETUPYEMbIX si3blkax Tuma Lisp mim Prolog, rie ¢ kaxoil omeparnueit MOXKHO acCOIMUPOBATD

HEOrPAHUYIEHHO OOJIBIITOE KOJIUIECTBO JEHCTBUM.

3.3 OTkpbiTas NaMATh (IIPOJOJI2KEHUE )

OmnucaHHbIe BBIIIE AJIPOPUTMbI PACIPEICJICHIS] [TaMITH KCIIOJIb3YIOTCS HE OIEPallMOHHON crucTeMOil, a 6ub-
JIMOTEYHBIME (DYHKIMSIMHE, IPUIIATHIME K IporpaMme. OIHAKO MHOIO33JadHAs MJIH MHOTOIPOrpaMMHAs !

OC Taxke JOJIZKHDBI MCIIOJIB30BaTh TOT MJIX WHOM AJITOPUTM pa3MeEIleHUA ITaMATH.

OryacTu Takume aJrOpUTMBI MOTYT ObITH MoxoKHU Ha pabory malloc. Onnako pexxum paborsr OC
MOXKET BHOCHUTDH CYIIECTBEHHBIE YIIPOIIEHUS B aJITOPUTM.

Tax, manpuMep, npoueaypa yupasieaus naMmarbio MS DOS paccunrana Ha caydail, KOrga IpOrpaMMbl Bbl-
IPY?KAIOTCSI U3 IAMSITH TOJBKO B HOPSIIKE, OGPATHOM TOMY, B KAKOM OHH TYa 3aIDy7KajInch>. DTO IIO3BOJIAET CBECTH
praBJ—IeHI/IG IIaMATBIO K CTEKOBOI JUCHUITJINHE.

Kazxkmoit nporpamme B MS DOS orBomuTcst 610K nmamsitu. C KazkIbIM TaKuM 0JIOKOM aCCOIMUPOBAH JIECKPUII-
Top, HaszbBaeMblii MCB — Memory Control Block. Dtor jeckpunrop comep:kut pasmep OJI0Ka, UIeHTAMUKATOP IPO-

rpaMMbl, KOTOPOI IIPUHAJJIEZKUAT TOT OJIOK U MPU3HAK TOTO, sIBJISIETCS JIU JAHHBIN OJIOK mocjeanmM B rierouke. Hyx#Ho

IMS DOS — tunmusbiii mpumep ogHO3a4a49HON MEOronporpammuoii OC. JIefCTBUTENBHO, B HEll MOXKET GBITH OJHOBPEMEHHO

3arpyz>KeHo HECKOJIbKO IIporpaMM, HO CHUCTEMa BBIIIOJHAET TOJIBKO OJHO 3a/aHHuE.

2Ha camoM JieJie, IIPOrpaMMbl MOTYT BEITDYKATHCSI H B JPYTOM IIOPSIIKE, HO OOBIMHO 9TO HPHBOIUT K IIPOGJIEMAM.
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OTMETUTD, UYTO MIPOrPAMME BCeT/1a MPUHAIIEKHUT HECKOALKO OJIOKOB, HO 9TO yrKe HeCyIIeCTBeHHbIe geTatn. pyras ma-
JIOCYTIIECTBEHHAs JIETaJb Ta, YTO Pa3Mep CETMEHTOB U UX aJIpeca OTCUUTHIBAIOTCS B maparpadax pasmepom 16 OaiT.
3HAKOMBIE C apXUTEKTYPOii mporeccopoB 80x86 10/KHBI MOHATH, 9TO ajpec MCB B 9TOM cirydae OyJeT COCTOSTh TOJBKO

U3 CerMEHTHON YacTU C HYJIEBBIM CMEIICHUEM.

Nnenrucpurarop nporpammbr B MS DOS MoxkeT CIy>KuTh TeMOIt 15T OTAeIBHOrO pa3roBopa. Bo MHOrHX JJOKyMeHTax
OH HOCHT I'pOMKOe HazBanue pid (maenrugurarop nporecca) — nouru kak B UNIX, Ho Ha camom sgeste 910 Beero Jiuiib

anpec PSP (Program Segment Prefix).

[Tocsie 3amycka .com-aiin momydaer cermeHT pasmepom 64K, a .exe — Bco pocrynHyo mnamsTb. OObIYHO
. eXe-MOJIyJIU Cpa3y IOC/Ie 3aIlyCKa OCBODOXKIAIOT HEHYXKHYIO UM IaMsiTh U yCTaHaBJUBAOT brklevel Ha KOHeI CBO-
€ro CerMeHTa, a MOTOM yBeJnmunBaioT brklevel m HAPAIMMBAIOT CEIMEHT IO Mepe HeobxoamMocTu. EcrecTBEeHHO, 9TO
HAPAIUBATh CETMEHT MOXKHO TOJIBKO 3a CUeT CJIeAYIoNero 3a HuM B renodke MCB, u MS DOS paspermur jgenatrs 310

TOJIBKO B CJIy4dae, €CJIX 3TOT CEeI'MEHT He IIPpUHa/IJIC2KUT HUKaKOIt IIporpammMme.

[Ipu 3amycke nmporpammbr DOS 6eper nocaednuti cerMeHT B TEMIOYKE, U 3arpyzKaeT TyJa IPOrpamMMmy, eCjIu
9TOT CErMEHT JOCTATOYHO BesnK. Eciau oH HemocraTouno Beauk, DOS rosopur Not enough memory u oTKa3bIBaeTCs

3arpy2KaThb IIPOIrPaMMY.

ITpu zaBepienun nporpamMMbl DOS ocBoboK 1aeT Bee 6J10KM, IpUHAJIEKABIINE TporpaMMe. [Ipu arom coce-
Hue 6JI0Ku 00beanHsoTCs. [loKa mporpaMMbl, IeiiCTBUTEBHO, 3aBEPIIAIOTCS B TOPSIKe, OOPATHOM TOMY, B KOTOPOM
OHH 3aIlyCKAJIICh, — BCE BIIOJIHE HOPMAaJLHO. JIpyroe mesio, 9To B peaibHOM KU3HU BO3MOXKHBI OTKJIOHEHUs! OT ITOM

CXeMBbI.

Hanpuwmep, HesBHO upeamnonaraercs, uro TSR-porpammbl (Terminate, but Stay Resident) muxorma se mbi-
TAIOTCS 3aBEPIIUTHCA. TeM He MeHee JiT0O0H yBaKaroruit cebsl Xakep CUUTAET CBOUM JIOJITOM CJEIaTh PE3UJICHTHYIO
MIPOrpaMMy BBIIPY2KaeMOil. Y HEKOTOPBIX XaKepOB OHA, B PE3YJIbTaTe, BhIOPACHIBAET IIPU BBIIPY3KE BCE DE3UIECHTHI,
KOTOPBIE CeJI B MAMSTD Iocjie HuX. [Ipyroit mpuMep — OTIAIIUKN OOBITHO 3arPy2KAl0T IPOrPAMMY B 00XOI OOBITHOM
DOS-oBckoit dyukimun LOAD & EXECUTE, a mpu 3aBepIlieHHH OTJIa’KUBAEMOI TPOrPAMMBI CAMU OCBODOXKIAIOT MAMSTH
WU3-TI0JT, Hee.

O/ uH U3 aBTOPOB B CBOE BPEMS 3aHUMAJICS MPOXOXKIEHNEM HEKOTOPOH MPOTPAMMBI TI0JT, OTJIATIUKOM. JecTHO
TOBOpsi, P€Yb IJIa O B3JIOME HEKOTOPOW WIPYIIKH... IJTa OpOrpaMMa MPOM3BOIUIA KAKYIO-TO WHUMNAIU3AIMNIO, a
moToM BeI3bIBasia Gyakmmuio DOS LOAD & EXECUTE. ¢ 06 sToM He 3HAJ U, €CTECTBEHHO, MPOBAJIMIICS BHYTPH HOBOM
IPOrPaMMBbI, KOTOPYIO U JIOJI2KEH OBLJI, MO-XOpoIieMy, B3jaMbiBaTh. 1locie Heckombkux Haxkatuit <CTRL> <Break> s
HAKOHEI[-TO MONAJI B OTJIAIYNK, HO IIPU KAKOM-TO OYE€Hb CTPAHHOM COCTOSIHHUU MporpamMmbl. 1loa3uB mo mporpamme
HEKOTOpOe BpeMs U yOeIuBIIMNCH, 9TO OHA HE XOYeT MPUXOIUTH B HOPMAJBHOE COCTOSHUE, si BBIMIET U3 OTJIAIINKA U
YBHJIEJI CJIEIYIOIIYI0 KapTuHy: cucreme noctynHo okojio 100K6aiiT B To BpeMmsi, Kak cyMMa, JJIUH CBOOOHBIX OJIOKOB
namaru 6osee 300K6aiiT, a pasmep HanboJIbIIEro cBobosHOr0 610Ka 0K0J10 200K6aiiT. OTaa 9uK, BEIXOIsT, OCBOOOIMII
CBOIO MMaMsITh U TAMATh OTJIAXKUBAEMOI ITPOrPAMMbI, HO HE OCBOOOIUII TIAMSIThH M3-I10/T HOBOT'O 3arpPy2KEHHOTO MOJLYJIS.
B pesysbrare nocpeuHe maMsiTH OCTAJICS HUKOMY He HYKHBI OJIOK IAaMATH U3PSIHOIO pa3Mepa, TOMEYeHHbIH KakK
ucnosb3yembiit. CambiM 06U IHBIM 66110 TO, 9T0 DOS He nbITaIach 3arpy3uTh HE OJHY IIPOrPAMMY B IIAMSATH 100 9TUM

OJIOKOM, XOTsI TaM ObLIO TOpa3Ja0 OOJIbIIE MECTa, YeM Ha0 HUM.

B kauecTBe mTora Mo:KHO CKa3aThb, 9YTO OCHOBHBIMHI HpO6JIeMaMI/I MHOT'OIIPOTPaMMHBIX CHUCTEM 0e3
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JUCIIeTYePa IIaMATH ABJIAIOTCA:

o [IpobGiema BbIIEIEHNS JTOTOJTHUTEIHHON MAMATH IIPOrPaMMe, KOTOpas 3arpyrKajach He MOC/Ie Hel.

o [IpoGsiema 0CBOOOXK IEHUST TAMSITH IIOCJIe 3aBepIeHus! MporpaMMbl. B cucreMax ¢ MOHOJIUTHBIM 3arpy-
JKaeMBbIM MOJIYJIEM WHOT/Ia MMPOCTO 3alpelaioT mporpaMMaM BeIrpyKaThesa. B MS DOS 6blna cienana

IIOIIBITKA 3aIIPETUTH BBIIPYzKaTh TSR 1 JipailBepbl, HO 3TO IPHUBEJIO K IIOUCKY 3aJHUX JIBEPEil.

e Huskast HajexxaocTb. OmmbKa B OMHONH M3 IPOrpaMM MOXKET MPUBECTH K IOpYe KOJa WJIM JaHHBIX

JAPYTUAX IIPOrpaMM HUJIA CaMOIl CUCTEMBI.

e [IpoGsiembr GezormracuocTu. B cucremax ¢ OTKPBITON HMAaMSATBIO HEBO3MOXKHBI 3(DEKTUBHBIE CPEJICTBA
pasjiesienust Jocryia. Jlobast mporpaMMHasi IPOBEPKA MPaB JOCTYIIa MOYXKET ObITh JIerKo 000fiIeHa Ipsi-
MBIM BBI30BOM <«3allAINAEMbIX» MOyJeil sapa. Jlaxe kpunrorpadudeckne CpesicTBa He 00€CIEIUBAIOT
JIOCTATOYHO 3D PEKTUBHON 3aIUTHI, IOTOMY YTO MOXKHO HOCAJIUTh B HAMATH TPOSHCKYIO IIPOIPAMMY,

KOTOpasdd 6y11,eT aHaJIM3UPOBATH KO/ ITPOI'paMMBbI IlII/I(l)pOBaHI/IH 1 CHUTBIBaTh 3Ha4Y€HUE KJIIO4Ya...

B cucremax ¢ jguHamMudeckoit cOOpPKOU HepBble JIBe IIPOOJIEMbI HE TaK OCTPBI, IOTOMY YTO HAMATH
BBIJIEJISIETCS U OCBODOXKIAETCS HEDOIBIITUMU KYCOUKaMU, 10 OJIOKY Ha KaXK/bIil 00bEKTHBII MOJLYJIb, TIO3TOMY
KOJT IIPOTPAMMBbI OOBITHO HE 3aHUMAET HEIIPEPBHIBHOIO TPocTpaHcTBa. COOTBETCTBEHHO, TAKUE CUCTEMbI 9aCcTO

pa3pemaloT U JaHHbIM IIPOrpaMMbl 3aHUMATb HECMEXKHDBIE 00J1aCTH ITaMSITH.

Takoit moIX0 NCIOMB3YeTCs MHOIMME CHCTEMaMK ¢ OTKPBLITON naMmaTbio — AmigaDOS, Oberon, cu-
cTeMaMU IIPOrpaMMHUPOBAaHUsI JIIsT TpaHCIboTepa u T.1. OJHAKO B TAKUX CHCTEMaX OYeHb OCTPYIO (POpMY

npuobperaer mpobieMa pparMeHTanuu CBOOOIHON MaMITH.

KosmmgectBo dparMeHToB HpUOIU3UTEIHLHO IPOIOPIMOHAIBHO KOJMYECTBY OIEpaIiii BblIeJie-
HUs1/OCBODOK JIEHUsI TTAMATU. BeposiTHOCTD He HANTH 6JI0K TOIXOISAIIEro pa3Mepa u3-3a (pparMeHTalluy Olle-

HUTDH CJIO2KHEE, HO OHa TaK2Ke pacTeT C KOJIMIeCTBOM OHepaHHﬁ.

[TorsiTHO, 9TO €c/u 3TH ONepaIny OCYIIECTBIIAIOTCS Cpa3y MHOTHME IIPOrPAMMAaME, TO (OPArMeHTAITIS
MIPOITOPITMOHAIBLHO BO3pACTaeT. BoimrenepeducaeHHble CUCTEMBI He IPEJIOCTABIAIOT HUKAKUX CPEJICTB IS

6opBOBI ¢ PparMeHTaIE .

Hanporus, B cucreme MacOS 6bL10 IIPEIJIOXKEHO JOCTATOYHO OPUTMHAILHLIN MeTox 60pbLObI ¢ dpar-

MeHTaHI/Ieﬁ. MGTO,ZL 9TOT 3aCJIy2KUBa€T OT/AE/IbHOT'O O6cy}K,ELeHI/IH.

3.3.1 Vmnpasaenue namarbio B MacOS u MS Windows

B sTux cucremax mpesamosaraeTcs, ITO MOJIb30BATEIbCKIE MPOrPAMMbBI HE COXPAHSIOT yKa3aTeseil Ha JIuHa-
MHUYECKU BbIJIEJIEHHBIE OJIOKU HaMATH. BMECTO 9TOro KaXKIblii TaKOl OJI0K MIeHTU(UIIUPYETCs IETOIUCICH-
HBIM JIeCKpUIITopoM uian «pyukoii» (handle). Korna nporpaMma HemocpeacTBeHHO 00paIaeTcst K JaHHBIM B

0J10Ke, OHA BBIOJJIHSIET CUCTEMHBIN BBI30B GlobalLock (sanepeTL). DTOT BBI30B BO3BpAIlaeT TEKYIIUil ajapec
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6isioka. [Toka mporpamma He MCHOTHUT BbI30B GlobalUnlock (oTmepersb), cuCTeMa He IBITACTCS U3MEHHUTD
agpec 6sioka. Hamporus, ecsim 6J10K He 3allepT, CHCTEMa CINTaeT cebsl BIpaBe MEPEIBUTATH €ro 10 MaMsITH

WA J1azke cOpachlBaTh HA JIUCK.

Takum 006pazoM, «PyUKU» MPEIACTABJAIOT COOOH MONBITKY CO3/IaTh MPOIPAMMHBIN aHAJIOT AIapaT-
HBIX JUCIIETYEPOB IIaMATH. OHI/I IIO3BOJIAIOT PEIIUTDH HpO6.HeMy (bpaFMeHTaHI/H/I n JazkKe OpraHnu3oBaTb HEKOE
o1001Me BUPTYAJIbHON maMaTu. MOoKHO paccMaTpUBATh UX KAK CPEJICTBO OPraHU3AIMN OBEPJIEHHBIX JAHHBIX
— [I00YEPETHOrO 0TOOPaXKEHUsI PA3HBIX OJIOKOB JAHHBLIX Ha OJHU U Te Ke ajpeca. OIHaKO 38 3TO HPUXOIUTCS

IJIATUTDH OYE€Hb JOPOTro¥i IeHON.

Ucrnionp3oBanne «pydeK» CHJIBHO YCJIOXKHSIET ITPOrPAMMUPOBAHUE BOOOINE U B OCOOEHHOCTU ITEPEHOC
[TO u3 cucrem, UCIOIB3YIONUX JIUHEHHOE aJ[PECHOE TPOCTPAHCTBO. Bee ykasarenn Ha JUHAMUYIECKIE CTPYK-
TYPBl JIAHHBIX B IIPOrpaMMe HYKHO 3aMEHUTb Ha «PYUKH», a KarxKjoe OOpalleHune K TaKUM CTPYKTypam

HEeOOXO0/IMMO OKPYKUTH BbizoBamMu GlobalLock/GlobalUnlock. DTu BBI3OBBIL:
e camu 110 cebe yBeJMINBAIOT 00bEeM KO/ U BPEMsI UCIIO/THEHMUST;

® MEIIAI0T KOMIINJIATOPAaM BBIIIOJTHATH OIITUMU3AIINIO, ITPE2K /1€ BCEro HE ITO3BOJIAIOT OIITUMAaJIbHO MCIIOJIb-

30BaTh PETUCTPHI IPOIECCOPA, TTOTOMY YTO JAJIEKO HE BCE PETUCTPHI COXPAHSAIOTCS ITPU BHI30BAX;

e TpeOyioT pa3pbiBa KOHBeHepa KOMAaHJ U Iepe3arpy3Ku KOMAHIHOTO KdITa; B COBPEMEHHBIX CyIepCKa-

JIAPHBIX IIPOIIEeCCOpPax 3TO MOXKET IMPUBOAUTDL K IIaJCHUIO IIPOU3BOJUTEILHOCTH BO MHOI'O pas.

[TonbITKM yMEHBIMUTE YUCTIO0 OJIOKUPOBOK TPEOYIOT ONPEJIEICHHBIX HHTEIJIEKTya IbHbIX yeuinii. Pak-
THYECKH, K 0ObIYHOMY 1uKJly paspaborku 110: npoekTupoBanue, BHIOOp ajropuT™a, HAIMMCAHUE KOJIA M €ro
oT/aJIKa — MODABJISIETCS eIle JBe (ha3bl: MUKPOOIITUMUBAINS UCTIOJIb30BAHUS «PYyIEKy U OTJIAIKA ONTHMU3HU-

POBaHHOI'O KO/a. HOCJIG,HHHH (1)&3& OKa3bIBa€TCd, HO}KaJIyIU/L caMoO# CJIO?KHOIT U OTBETCTBEHHOI.

Haunbosiee HempusATHOI M OMACHOM OIMMOKOM, BOSHUKAOIIEH Ha dasze MUKPOOITUMUIAINN, SIBIISET-
¢Sl BBIHOC yKasaTess Ha JIUHAMUYECKYIO CTPYKTYPY 3a Tpemeibl ckobok Globallock/GlobalUnlock. Dty
OImuOKy OYeHb CJIOXKHO OOHAPY2KHUTDH MPU TECTUPOBAHUY, TaK KAaK OHA IIPOSBJISIETCH TOJHKO €CJIU CHCTEMA
IBITAJIACh IePEBUTaTh OJIOKM B MPOMEKYTKaxX MexkJy oOpamieHusmu. MHbIMu ciioBamu, ommbOKa MOXKET
HPOSABJIATD UJIM HE HMPOSIBJIATH Ce0si B 3aBUCUMOCTUA OT HADOPa IMPUIOKEHUH, UCIIOJTHSIONINXCS B CUCTEME U
OT XapakTepa JesaTebHOCTU STUX NMPUJIoKeHuii. B pe3ysibrare Mbl 1ojrydaeM TO, 4ero 0oJibIiie Bcero 60ATcs

WHXKEHEPBI, MEXAHUKU U IIPOIPAMMUCTBI — CUCTEMY, KOTOpas paboraeT uH020a.

He ciyuaitno dupma MicroSoft mosHOCTBIO OTKa3alach OT «PYUedHOTO» YIIPABJIEHUS MTAMSITHIO B

nosoit sepcun MS Windows — Windows 95, e peasinzoBaHa IOJTHOIEHHAS BUPTYAJIbHASA HAMSITD.

3.4 Cucrembl ¢ 6a30BOi1 BUPTyaJbHOI ajJipecanueii

Kak Y2Ke roBOpuJjIoChb, B CUCTEMaX C OTKprTOfI [IAMATHIO BOSHUKAIOT OOJILIINE CJIOXKHOCTH Ipu OpraHmn3alinmn

MHOI‘OBa,ILa‘IHOfI pa6OTbI. Yrobbl YCTPaHUTDH UX, H€O6XO,ILI/IMO IpeJoCTaB/IATDb Ka)K,ZLOfI 3a/la9€ CBOE€ BUPTYaJIb-
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HOe aJIpecHoe IMpocTpaHcTBO. Hanbostee mpocThiM crtocob0M OpraHn30BaTh Pa3/IMIHbIE aJIPECHBIE TPOCTPAH-
CTBa SIBJIAETCA TaK HasbiBaeMas OasoBasi aapecanud. [lo-BuauMoMy, 9TO UCTOPUYIECKN HAanOoOJIee PaHHMI

C1oco0.

Bor MmoxkeTe 3aMeTuTh, UTO TEpMUH Oa30Bas ajpecarius y:Ke 3aHST — Mbl Ha3bIBAJIU TaKUM 00Opa-
3oM aspecanuio 1o cxeme regloffset]. /lesio B ToMm, 4TO MeTOJ[, 0 KOTOPOM ceff4ac MJIET Pedb, COCTOUT B
dopMupoBaHUE ajpeca Mo Toi ke cxeme. OTyiMdMe COCTOUT B TOM, UTO PETUCTP, OTHOCUTEIBHO KOTOPOI'O
MPOUCXOIUT aJPEecallyisi, He JTOCTYIEeH MPUKJIQIHON mnporpamme. Kpome TOro, ero 3mnadenue mpudOaBISETCS
KO G6CeM aJipecaM, B TOM YHC/Ee K «aOCOTIOTHBIM» QJIPECHBIM CChLIKAM W/ MEPEMEHHBIM TUIA YKa3aTeb.
ITo cymecTBy, Takas ajpecalus dBJISE€TCs CIIOCOOOM OPraHU3AIMH BUPTYAJIHHOTO PECHOTO IPOCTPAHCTBA.
IleficTBuTEIBHO, pacliedaTaB 3HAUYEHHE yKa3aTesisl, Bbl yBUJWUTE UNUCI0, paBHOe, Harpumep, 0x000A25. O-
HAaKO TaKOH ajipec OyIeT cOOTBETCTBOBATH (pu3miaecKoMy ajpecy BASE + 0x000A25 um MeHATHCSI BMECTE CO
3HadYeHneM perucrtpa BASE.

Ecsiz roBopuTh 0 pa3HHUIlEe MEXKIy JIBYMs 3HAYEHUSIMH CJIOB «0a30Basi aJipecalinsi», HeJb3s He YIOMSAHYTH O

MOy IUTEIHHON UCTOPHN, CBSI3aHHOM € yIpaBJIieHHEM HNaMsTbio B cucreMax jmaun IBM System 360.

B srux mammnaax He OBLIO alIapaTHBIX CPEJCTB YIPABJICHUs AMSITHIO U BCE MPOTPAMMbI PA3JIE/IsIn 0DIIee
BUPTYAJIbHOE &JIPECHOE MPOCTPAHCTBO, COBIAJaomee ¢ GU3nIecKuM. AJIpecHble CCBUIKKA B IPOTPAMMe 3a/IaBAJIUCh
12-6uTOBBIM CMeleHIHeM OTHOCHTEJLHO 0a30BOro perucrpa. B kadecTBe 6a30BOro perucrpa MOI HCHOJIB30BATLCS, B
npuHnuie, Joboit n3 16 32-6uTHbIX perucTpoB 00Iero HazHadeHus. lIpeamosarasocs, 9To MOIH30BATEILCKHIE TPO-
rpaMMbl He MOAUMUIUPYIOT OA30BbII PErUCTp, MOITOMY MOXKHO 3arpy’KaTh X C PA3JIMYHBIX aJ[PECOB IIPOCTO MEePEeHa~
cTpamBasl 3HaUY€HUe 3TOro perucrpa. Takum obpazoM ObLIa peasn30BaHa OJHOBPEMEHHAS 3arpy3Ka MHOIUX IIPOrPAMM
B MHOro3aaauHoi cucreme OS/360.

OILHaKO IIOCJIE 3aI'PY3KU IIPOrpaMMy y2>Ke HEJIb3d OBLLIIO InmepeMeIniaThb 1o nNaMdATh: HallpuMep IIPpUu BbI3OBE I10/I-

3 ¥ npu Bo3BpaTe GABOBBIIL

MIPOTrPaMMBbI &JIpeC BO3BPATA COXPAHSETCS B CTEKE B BUJIE aDCOTIOTHOTO 24-OMTHOTO ajpeca
PErucTp He UCHOJIb3yeTCs. AHAJIOTUYIHO, HA30BBII PETUCTD HE UCHOJIL3YETCS MIPHU CCHLIKAX Ha MapaMeTPhI O/ IIPOrpaMM
si3pika FORTRAN, tipu paGore ¢ ykazareasimu 8 PL/| u T.11.. Ilepemernenne mporpaMmbl, Jazxe ¢ MepeHACTPORKON Ga-

30BOI'0 PErUCTPa, HAPYIIUIO Obl BCE TAKUE CCHLIKH.

Paspa6oruuku ¢pupmbr IBM Bckope 0Co3HAJN M0JIB3Y MIEPEMEIIEHUs IIPOIPAMM IIOC/IE UX 3arPy3KHU U MTOIbITa-
JINCH KAK-TO PEHIUTh 3Ty 1pobsremy. Odens mo6onbITHEIT J0KyMeHT «Preparing to Rollin-Rollout Guidelines?® omucor-
BaeT JeUCTBUs, KOTOPBIE MPOrpaMMa, JOJKHA ObLIa Obl IPEeIIPUHATDH 1mocje nepemMerienns. PakTudaeckn mporpaMma
JIO/KHA OBLJIa HANTH B CBOEM CErMEHTE JIAHHBIX BCe abCOJIIOTHBIE aJIpeca U camMa IIePEeHACTPOUTH UX.

EcrecrBenno, HUKTO U3 pa3pabOTIYNKOB KOMIMISTOPOB W MPHUKJIAIHOTNO IIPOrPAMMHOIO ODeCIieueHus He CO-
GupaJics CIes0BaTh TOMY PYKOBOJCTBY. B pesysbrare mpobiema nepemerenns nporpamm B 0S/360 ue ObLia pemena
BILIOTH JI0 MOsIBJIEHUsT MaruH System 370 co CTpaHMYHBIM UJIM CTPAHUYHO-CETMEHTHBIM ucrerdepoM namMstu u OC

MVS.

Kak mpaBmio, Mammubl, UCHOJb3YIONHE 0A30BYIO aJIpecalnio, uMeioT jiBa perucrpa. Opaua u3 pe-

B System 360 nozn ajgpec OTBOAMIIOCH 32-pa3psiHOE CJIOBO, HO MCIIOJIB30BAJMCH TOJBKO 24 Muaamux Ourta ajapeca. B

System 370 ajpec cTaji MOJTHOCTHIO 32-pa3psiIHbIM.

4K COXKaJICHUIO, aBTOpaM HE yIaJIOCh HANTHU IIOJTHOT'O TEKCTa 3TOr0 JOKYyMEHTa.
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[ECTPOB 3ajaer 0a3y JJIs aJipecoB, BTOPOil ycTaHaBiamBaeT BepxHuil mpesesn. B cucreme 1CL1900/OapeHok
9TU PETUCTPBI Ha3bIBAIOTCS cOOTBeTCTBeHHO BASE m DATUM. Ecim ajipec BBIXOJIUT 3a TI'PDAHUILY, YCTAHOBJIEH-
HyIo 3HaderreM DATUM, BO3HUKAaeT MCKJIIOYUTEIbHAS cuTyarus (exception) ommbounoit ajpecarm. Kak

[IPABUJIO, 9TO MPUBOJUAT K TOMY, YTO CHCTEMA MPUHYIUTEIHLHO 3aBEPIIAeT PAbOTy ITPOrPAMMBI.
[Tpu momoru 3TUX ABYX PErUCTPOB MBI CPa3y PEIlaeM JIBE BaXKHbIE ITPOOJIEMBI.

Bo-11epBbIX, MBI MOYXKEM H30JIUPOBATH MPOrPAMMBI APYT OT Jpyra — OMIMOKYU B OJIHOI IpOrpaMMe He
MPUBOMAT K Pa3PYIIEHUIO UJIN MOBPEXKIEHUIO IPYTUX IIPOTPAMM UJIN caMOi cucTeMbl. Biarogapst 3ToMy MBI
MO2KEM 00€ECIIEUNTh 3aIUTy CUCTEMbBI HE TOJBKO OT OMUOOYHBIX TPOrPAMM, HO U OT 3JI0HAMEPEHHBIX JICHCTBUN

II0JIL30BaTEJIE 110 Pa3pymeHnio CUCTEMbl UJIN JJOCTYITY K 9y2KHM JTaHHBIM.

Bo-BTOpBIX, MBI ITOJTy9aeM BO3MOXKHOCTD MIEPEIBUTATE J[PECHBIC TPOCTPAHCTBA 381a4 110 (PU3UIECKOiT
MaMSITH TaK, YTO camMa IporpamMMa He 3aMevaeT, 9TO ee MEePeIBUHYIIN. 3a CUeT 3TOI0 MBI PelraeM IpobJeMy
dparMeHTAIINN TAMATHA U JaeM IPOrpaMMaM BO3MOXKHOCTH HAPAIUBATE CBOE aJIPecHOe IIPocTpaHcTBo. [leii-
CTBUTEJILHO, B CHCTEME C OTKPBITON MaMSITHIO IIPOrpaMMa MOXKeT T00ABJISThH cebe aMsATh TOJBKO 10 TeX Iop,
IIOKa He YIPeTCsl B HAYAJI0 CJIeAyroleil mporpaMmbl. Ilociie 3Toro Mbl JOJIKHBI JIHOO TOBOPUTD, UTO MAMSITH
HET, TU00 MUPHUTHCA C T€M, ITO IIPOrpaMMa MOXKET 3aHUMATh HECMeXKHbIe 00/1aCTh (PU3UIECKOTro aPEeCHOr0
npocTpancTBa. Bropoe perenune pe3ko yCIOKHSET YIIPABICHNE MaMATHIO, KAK CO CTOPOHBI CUCTEMbBI, TAK U
CO CTOPOHBI TPOIPAMMBI, M 9aCTO OKA3BbIBACTCs HEIPHEMJIEMBIM (IIOApOOHEee CBI3aHHBIE C ITUM MPOOIEMBI
obcyxkmatoresa B pasmene 3.3). B ciydae ke 6a30Boit agpecarin Mbl MOXKEM IIPOCTO CABUHYTH MEIIAOILY IO

HaM IIPOrPAMMY BBEPX IO (PU3NUECKUM aJIPECAM.

Yacro cucrembl, paboTaroIiue Ha TAKUX apXUTEKTypPax, YMEIOT COPAChIBATb HA JIUCK T€ 3aJ1a4u, KO-

TOpBIE JIOIT0 He GyIyT HCHOMHATHCA. DTO caMas mpocTast 13 GopM CBOIIMMHTA (swapping — obmen)d.

B coBpemennbix cucremax 6azoBasi BUpTyasbHas aJpeCalis UCHOJB3YeTCs pPeliko. lemo He B TOM,
9TO OHA IJIOXA, & B TOM, 4TO O0Jjiee CJIOXKHBIE METOJIbI, TAKHE KaK CErMEHTHAs U CTPAHUYHAS TPAHCJISIIHS
aJpecoB, OKa3aJnCh HAMHOTO JIydIlle. JacTo moj CJI0BaMM «BUPTYaJbHAS MAMATh» IOIPa3yMEBAIOT MMEHHO

CErMEHTHYIO WJIM CTPAHUYHYIO &JIPECAITUIO.

3.5 CermeHnTHas U CTPaHUYHAA BUPTyaJbHasd NaMATh

B cucremax ¢ cermMeHTHOI U CTpaHUYHON ajipecalineil BUPTYaJIbHBIN aJpec UMEET CJIOXKHYIO cTPyKTypy. OH
pa3buT Ha J[Ba OMTOBBIX IOJIsl: HOMED CTPaHUIbI (cermenTa) u cMmerrnenue B HeM. COOTBETCTBEHHO, aJIPECHOe
IIPOCTPAHCTBO OKA3BIBAETCS COCTOSIINM U3 JUCKPETHBIX 0J10KOB. Kciin Bce 3Tu 6JI0KH UMEIOT (DUKCHUPOBaH-
HYIO JUIHHY 1 00pa3yloT BMeCTe HEIPEPBIBHOE MPOCTPAHCTBO, OHU HA3BIBAIOTCH CTpaHUIAMU. Hcjm JjinHa
KaXKJIoro 6JI0Ka MOXKET 33/1aBaThCsi IPOM3BOJIBHO, & HEHUCIIOIb3YEMBIM YaCcTsSIM OJIOKOB COOTBETCTBYIOT «IIbI-

PBI» B BUPTYaJIbHOM a/IPECHOM IIPOCTPAHCTBE, OHU Ha3bIBAIOTCA CEIrMEHTaMHU. Kak npaBMWJIO, OAUH CErMEeHT

STepMuH «CTpaHHYHEIT OGMEH» JIOBOJIBLHO IMPOKO PACIPOCTPAHEH, HO B JAHHOM CJIydae ero HCIIOIb30BAHIE 3BYUAIO ObI

HenpaBuJILHO
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COOTBETCTBYET KOy WJIN JaHHBIM OJHOI'O MOIYJIA IIPOrPaMMBbI. Co CTpa.HI/IHGﬁ Nl CerMeHTOM MOI'yT OBbITH

ACCOIMMUPOBAHLBI ITpaBa YTCHUA, 3allUCU U UCIIOJTHEHUA.

Takast ajpecanusi peaju3dyercsi annapartHo. IIporieccop, Kak TpaBujio, UMeeT CIEUAJIBHOE YCTPOii-
CTBO, HA3bIBAEMOE JUCIIETYEPOM IIaMsATU. B HeKoTopbIX Ipolrieccopax, Hanpumep B MC68020 mim MC68030
win B HeKOoTOpbiX RISC-cucremax, 3T0 yCTPONCTBO peam30BaHO Ha OTIEJIBHOM KPUCTAJLIE; B IPYTUX, TAKUX

Kak 1386 mwinm Alpha, mucnerdyep maMsTH HHTErPUPOBAH B IIPOLECCOP.

JucrieTyep maMsATH COJEPXKUT PErUCTD — yKa3aTejab Ha TAOJUILy TPAHCHSAIHUU. JTa Tabjauna
pasMertaercst Tae-To B (pusndeckoil mamsaTu. Ee seMeHTaMU ABJISIOTCS JAECKPUMITOPBI KayKI0i CTpaHU-
16l /cermenTa. Takoii JeCKPUIITOP COJMEPKUT TpaBa JOCTyIa K CTPAHWIE, IPU3HAK IIPUCYTCTBHs ITON CTpa-
HUIIBI B IAMATH U PU3NIECKUI aJ[pec CTPAHUIIbI/cerMenTa. [{Jist CerMeHTOB B JICCKPUNITOPE TAKYKE XPAHUTCS

JJINHa cerMeHTa.

Kaxk npasusio, jqucrerdep mamsTi uMeeT Takxke K311 (cache) jgeckpuntopoB — GbICTPYIO HAMSITH C

ACCOIMUATUBHBIM JOCTYIIOM. B sTo0it mamarn XpaHATCA JECKPUIITOPLI 9aCTO UCHOJIb3YEMbIX CTPAHMUIL.

AjtropuTM JI0CTyIIA K TAMSTH 110 BUPTYAJbHOMY aJipecy page:offset moJrydaercst CJIeLyonum:

e [IpoBepuThb, cyIecTByeT Jin cTpaHuiia page Boobie. Hampumep, v mammu cemeitctBa VAX aapectoe
[IPOCTPAHCTBO MO2tcem cocTosiTh n3 8M crpanuil, aro coorBercTByeT 4 ['Gaiiram, HO peasibHBIE PO-
rPAMMBI UCIOJIB3YIOT HAMHOIO MEHBINE ITaMsiTH, U pa3Mepbl UX TAOJIUI[ TPAHC/ISIIUN COOTBETCTBEHHO
yMeHbIaTcs. KerecTBEHHO, TIPO CTPAHUILY, JJIsi KOTOPOI HET COOTBETCTBYIOMIETO 3JIEMEHTa, TabJIHIIbI,
MOXKHO CKa3aTh, UTO ee He CYIIeCTByeT. Takas MpOBEpKa OCYIIECTBJISETCS MPOCTBIM CPaBHEHUEM HO-
Mepa CTPAHUIIBI ¢ JJIUHOU TaOJIUIBI TPAHCIAIWN. KCu CTpaHUuIbl HE CYIIECTBYET, BO3HUKAET 0Ccobdast

cuTyanus omumOKu cermeHTanum (segmentation violation)
o [lombiTarhes HARTH AECKPUIITOD CTPAHUIILI B KIIIIE.
e Eciin ero Her B K3le, 3arpy3uTh JECKPUITOD U3 TaOIHUIBI B HAMSITH.

e [IpoBepuTh, UMEET JIN MIPOIECC COOTBETCTBYIOINEE IIPABO JIOCTyNa K cTpanulie. lHade Tak:ke BOSHUKAET

OIIMOKa CEerMEeHTAIINN.

e [IpoBepuTh, HAXOAUTCS JIX CTPAHUIA B OllepaTWBHON namsaTu. Eciu ee TaM HeT, BOBHHKAaeT ocobas
CHATyaIMsi OTCYTCTBUSI CTPAHUIIBI NI CTPAaHUYHBIN oTKa3 (page fault). Kak npasuio, peaknus
Ha Hee COCTOUT B TOM, YTO BBI3BIBAETCS CIICNUAIbHAs MpOorpaMMa-obpaborunk (trap — JoByInKa),
KOTOpasi MOJIKAYNBaeT TPeOyeMyIo CTPAaHUILY € JUCKa. B MHOTro3aJIladHbIX CHCTEMax BO BPeMs TaKoi

IIOJTKQYKN MOXKET MCIIOJIHATHCS JPYTO# IIporiecc.
e Eciu cTpaHuna ectb B IaMsATH, B3ATh U3 ee jecKpurropa dbusndecknii ajpec phys_addr.

e Ecim MBI mMMeeM [e10 ¢ CerMeHTHOI aipecaliueil, CpaBHUTHL CMEIEHNe B CEerMEHTe C JJIMHOI 3TOro

cermenTa. Ecam cMerrenne okasaaloch DOJIbINE, TAKKE BOSHUKAET OIMIMOKA, CErMEHTAITNN.
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e IlpousBectu jJocTyn K naMsTd 10 agpecy phys_addr [offset].

BumHo, 14T0 Takas cxeMma aJpecalnn J0BOJIBHO ciioykHa. OIHAKO B COBPEMEHHBIX IIPOIeccopax BCe 3TO
peann30BaHO B almaparype u, 0jaromapsi K3IIy JIeCKPUITOPOB W JAPYTUM yXHUIIPEHUsIM, CKOPOCTh JOCTYIIa
K MaMSITH ITOJIy9IaeTCs MOYTH TaKoi »Ke, KaK W IpHW IpsaMoil ajapecaruu. Kpome Toro, sra cxema nuMeer

HEOIIeHNMbIe IIPEeUMYIINeCcTBa IIpU peaau3anun MHOrozasadabx OC.

Bo-niepBbIx, Mbl MOXKEM CBA3ATh C KaXKJOi 3ajadeil CBOIO TaO/IUILy TPAHC/IAINN, & 3HAYUT U CBOE
BUPTYaJbHOE aJPECHOE ITPOCTPAHCTBO. bjaromapst aTomy gaxke B MHOT03aadubix OC MBI MOXKEM TI0JIb30-
BaThCs A0COJIOTHBIM 3arpy34ukoM. Kpome Toro, mporpaMMbl OKa3bIBAIOTCS M30JIMPOBAHHBIME JAPYT OT IPYTa,

U MBI MOXKEM ODECIIeYUTh UX 0E30I1aCHOCTD.

JList repekTioueHns 3aa9n Hy2KHO [1€PErPy3UTh PErUCTPhI, YIIPABJISIONIUE ITONH TabIHIe.

OTOo He OJIUH PETHCTD, &, KaK MUHUMYM, JIBa — yKa3aTeJb Ha TabJHIly u ee JyiuHa. B bosbinacTBe coBpeMeH-
HBIX IIPOIECCOPOB AHUCIIETYEP HaMSITH elre cjaoxkHee. dacTo oH paboraeT ¢ HECKOJIbKUMHU TAOJIUIIAMH, MOXKET

HMETDb JIOIIOJIHUTEJ/IbHBIC YIIPaBJIAIOINUE PDEruCcTpbl U T.I1.

BO-BTOprX, MBI MOZKEM C6paCI)IBaTb Ha JUCK PEIAKO HUCIIOJIb3yeMbIE obsiacTu BI/IpTyaJII)HOfI IIaMATN
IporpamMm — HE BCIO IPOI'PpaMMy IEJIMKOM, a TOJIbKO €€ 9aCTb. KpOMe TOro, B OTJIN9ME OT OBEPJIEEB, IIpDOI'PaMMa

BOOOIIIE HE 00s13aHA 3HATH, KaKas €€ 9aCTh MOXKET ObITh COpOIIEHA.

,HPYFOG A€JI0, 9TO B cUCTeMaX peaJIbHOI'O BDEMEHH IIporpaMmMe MO2KeT ObITD HY2?KHO, YTOOBI OlIpelIeJIEHHbIE €€
JaCTu HHKoIJa He C6paCbIBaJII/ICI) Ha /JIHCK. ,ﬂeﬁCTBHTGJIbHO, cucremMa peajibHOI'O BpeMEeHn o0ba3ana rapaHnTu-
poBaTb BpEMs DEaKIuu, U 3TO rapaHTHUPOBaHHOE BPEM:A OOBIYHO HAMHOI'O MEHBIIIE BpeMeHHt JJOCTyIlla K JJUCKY.
ECT@CTBGHHO, 9TO KO/, O6pa6aTbIBaIOHU/H71 CO6BITI/IG, " UCIIOJIb3YyEeMble IIPpU 3TOM JIaHHbIE /IOJI2KHbI OBITH Bcerza

B 1aMATH.

B-tperbux, nporpamma He 00s3aHA 3aHUMATH HEIPEPBIBHYIO 00J1acTb (pusndeckoi namstu. [lpu
9TOM OH& BIIOJTHE MOXKET BUJIETh HEIPEPBIBHOE BUPTYAJIBHOE &JIPECHOE IMPOCTPAHCTBO. DTO PE3KO YIIPOIIa-
eT 60pb0y ¢ dparmenTarueii TaMsaTH, & B CUCTEMaX CO CTPAHUYHON ajpecarueil mpobjaema dpparMeHTaAIII

dusnIecKoil maMsTu BOOOIE CHIMAETCS.

Tax, B VAX/VMS cBobosiHAsI HAMSITE OTCJIZKUBAETCS IIPU HOMOII GUTOBOH MACKH (bU3MdecKux crpanuil. B
9TOH Macke cBOOOJHOI cTpaHUIle COOTBETCTBYET 1, a 3ausToii — (. Ecim KoMy-TO Hy>KHa cTpaHHIIa, CACTEMa
IIPOCTO HINET B 9TOH MacKe yCTaHOBJICHHBIH ouT. Eciu yuectb, uro VAX ummeer crenuaabHy0O KOMaHIy JIJIs

IIOMCKa yCTAHOBJIEHHOI'O OHTA B MacCUBE, BCE pabOTaeT 0UeHb OBICTPO H IPOCTO.

B pesysprare BupTya/sbpHOE IPOCTPAHCTBO HPOIPAMMBI MOYKET OKa3aThCs OTOOPAXKEHO Ha (PU3HIECKUE
ajipeca O4eHb NIPHIYAJIUBBIM 00pa30M, HO 3TO HUKOI'O HE BOJIHYET — CKOPOCTH JOCTYIIa KO BCEM CTPaHHUIIAM

O/ITHMHaKOBa.
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B-4yeTBepThIxX, cucTeMa MOXKET 00ECHEYNBATH HE TOJBKO 3AIUTY IIPOrPpaMM JAPYT OT ApyTa, HO U

3aIATY POrPAMMBI OT CAMOI cebs — HAIPUMED, OT ONMUOOYHON 3aIUCH JIAHHBIX HA MECTO KOJIa.

B-niaTbeixX, pasiuuHble 33/1a9d MOTYT HCIOJb30BATH 00IHe 00JIACTU MAMSTH IS B3aUMOJIEHCTBUST

WA, CKaXKeM, IIPOCTO JIJIsT TOrO, YTOOBI paboTaTh ¢ OHOM Komueil OMOJIHOTEKH TOAITPOTPAMM.

[TepeunciieHHble TPEUMYIIECTBA HACTOTHKO CEPHE3HBI, UTO CUUTACTCS HEBO3MOXKHBIM Dean30BATH
MHOT03a/[a9HyI0 cucreMy obmero Hasuadenns, Takyio kKak UNIX wm VMS (Virtual Memory System) na

MallluHax 0e3 Aucrerdyepa ImaMAaTH.

OrnenbHOM IPobIeMOii IIpK pa3pabOTKe CUCTEMbI CO CTPAHUYHON MJIM CeIMEHTHOMN aJipecalueil siBJisi-
ercsi BEIOOP pasMepa CTPAHUIbI WJIM MaKCUMAaJbHOTO pa3Mepa CerMeHTa. JTOT PasMep OINPEeIesIsieTCsT IITHPH-

HOHl COOTBETCTBYIOIIEr0 OUTOBOIO IOJISI AJIPECa, U MOITOMY JTOJI?KEH ObITh CTEIEHBIO JTBONWKH.

C O,ZLHOﬁ CTOPOHBI, CTPaHUIIbI HE JTOJI2KHBI OBITH CJIMIIKOM 6OJII)IHI/IMI/I, TaK KaK 9TO MO2KET IIpUBECTU
K HGS(bd)eKTHBHOMy HCIIOJIbSOBAHUIO ITaMATHU U IIEPEKAYKE CJIMIIKOM 0O0JILIINX 00HLEMOB JAHHDBIX IIPpU C6poce
CTpaHUIl Ha JUCK. C ,H,perfI CTOPOHBI, CTpaHUIIbI HE JTOJIZKHBI OBbITDL CJIMIIKOM MaJIEHbKUMHU, TaK KaK 3TO

[PUBEJET K IPE3MEPHOMY YBEJUUECHUIO TADJINI TPAHCIAIIH, TpeOyeMoro oobeMa K3IIa JeCKPUIITOPOB U T.JI.

Yro OymeT CIUTATLCS <«CJIUIIKOM» OOJIBIITUM Wi, HA00OPOT, MaJEHBKUM, B JIEHCTBUTE/ILHOCTU 3a-
BHCUT OT CPEJHEr0 KOJMYECTBa, MMAMSITH, HCIIOJIb3yeMoro mporpammoii. Tak, eciim Bbl paboTaere cO cTapoit
UNIX-cucremoit u noJsib3yerech TOJBKO IPOrpaMMaMH THUIA 1S, grep min sed, a PeakToOp Vi cYuTaercs
9eM-TO TIOYTH CBEPXbHECTECTBEHHBLIM, TO CPEIHUI pa3Mep BalllnX MPOrpaMM OyIeT M3MEpPSAThCS TECATKAMEI
KUJI00alT W PEeIKO BBIXOJWTDL 33 COTHIO. Kcjam »Ke BBl MCHOJIb3yeTe COBPEMEHHbIE I'paudecKre OKOHHBIE
nurepdeiicer, cucremy X Windows, emacs m mpodme KpacoTbl, TO TUIMYHASA IIPOTPAMMa, TpeOyeT OKOJIO Me-
rabaiiTa maMsiTH, a HEKOTOPbIE U IT0 HECKOJIbKO JIecsaiTKOB. Kazaoch Obl, pasMep CTPAHUITLI IIPH 9TOM TaKKe
JIOJIZKEH M3MEHUTHCS Ha JABa-TpH Iopsaaka. Ha camowm jesre, 37eCh B UI'Py BCTYIIAET ellle OJWH IapaMeTp —

pa3Mep CeKTopa Ha JUCKe, ¢ KOTOPOI'O OCYIIECTBJIAETCA IOAKAYKA. . .

B peasbubIX cucTeMax pazMep CTpaHUILI MeHsieTcst oT 512 Gaitt y maruu cemeiictBa VAX 110 HECKOJIb-
kux kuobaitt. Hanpumep, i3/486 umeer crpanuiry pasmepom 4 K. Hekoropeie jucrierdepsl namMsiTi, Hallpu-
mep y MC6801/2/30, umeror iepeMeHHBbIH pa3Mep CTPAHUIIbL — B TOM CMBICJIE, YTO CUCTEMa [IPU 3aILyCKe IIPO-
rpaMMUPYET JAUCIETYED U YyCTAHABIMBACT, IOMUMO IIPOYEro, STOT Pa3Mep, U JAJIbIIe paboTaeT CO CTPAHUIIAMEI

BBIOpAHHOTO pasmepa. ¥y mpoiteccopa i860 pasmep crpanuibl nepekaodaercsa mMexay 4 K u 4 Mbaitramu.

C cerMeHTHBIMU JUCIETIEPAME TAMATH cUTyarus ciaoxkHee. C OHON CTOPOHBI, XOUETCsI, YTOOBI OJIUH
IIPOTPAMMHBI MOJYJIb BJI€3aJl B CEIMEHT, IIO9TOMY CEIMEHTBI OOBIYHO jesaior OoJibimmu, or 32K u 6osee.
C mpyroit cTOpOHBI, XOUeTcsi, 9TOOBI B &JIPECHOM IIPOCTPAHCTBE MOYXKHO OBLIO CJEJaTh MHOI'O CEI'MEHTOB.
Kpome Toro, MoxkeT BOBHUKHYTBH IpoOJieMa: Kak ObITh C 60AbW UMY HEPA3IETUMBIMUA 00bEKTAMHI, HAIIPUMED
X3MI-TabJIUIIAME KOMITIISTOPOB, TOJT KOTOPBIE YACTO BBIIESIIOTCS COTHU Kuao0aiT. C TpeTbeit CTOPOHbI, IpH

IHoAKa4YKe CEIrMEeHTOB C /IMCKa He XO04YeTCdA KadaTb 3a OJUH pa3 MHOI'O JaHHBIX.

Tperbe 06CTOATETHCTBO BBIHY?K/Ia€T MHOTUX PAa3pabOTYNKOB MATU HA JIBYXCTYHEHYATYIO BUPTYAJIb-
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HYIO TIAMSTh — CETMEHTHYIO AJIPECAIlnio, B KOTOPO#l KaxKIbIfi CErMEHT, B CBOIO OYepelb, pa3dbuT Ha cTpa-
HUIBL. DTO JAET PsJl MEJKUX IIPEUMYINECTB, HAIIPUMED, [TO3BOJISET Pa3/iaBaTb MPaBa JOCTYIIA CErMEHTaM,
a TOJKAYKY C JUCKA OCYIIECTBISTH MOCTpaHwdHo. TakuM 06pa3oM OpraHm3oBaHa BUPTyasbHAs MAMSITh B
IBM System 370 u psime apyrux GOJIBIIAX KOMIIBIOTEPOB, a Takxke B i3/486. [IpaBna, B mocseaemM BUPTyaib-
Hasl TTAMSITh UCTIOIL3YETCsT HECKOJIBKO CTPAHHBIM 0OPa30M.

Boobmie roBops, i386 moxkeT paboTAaTh ¢ ABYMS THIIAMU &JIPECOB:

e 32-pa3psiaIHBIM aapecoM, B KOTOPOM 16 OMT 3aJal0T CMeIIeHne B cermMeHTe, 14 6uT — HOMep cerMeHTa, u 2 6uta
WCIIOJIB3YIOTCA JIJIsi PA3HBIX 3arafodnbix meseit. [Ipm stom pasmep cermenta me Gostee 64K, a obmumit obbem

BUPTYAJbHOIT TaMATH He TpeBbIimaeT 1 ['6aitra.

e 48-pa3psiIHBIM aJIPECOM, B KOTOPOM CMeIlleHne B cerMeHTe 3aHnMaer 32 6ura. B aToMm ciiydae pasmep cermenTa

MOzKeT 6BITH 110 4 ['6aiit, a obimit o6beM BUPTyaIbHOM naMsaTH 10 248 Gaiir.

B oboux cirygasix cermeHT MOXKeT ObITh pa3ouT Ha crpaHuilsl o 4 K. [Ipu sroM cermenTHast 9acTh aJIpeca U ero CMerne-
HUE JIeYKAT B PA3HbIX PErucTpax, ¥ ¢ HUIMHU MOXKHO paboTaTh pa3/ieinbHo. B peajibHOM peXKnMe BO3MOXKHOCTH TAKON
paboThI IIOPOXKIAET BECh 300IapK «MOJIeJIeil TaMsITH», C KOTOPBIMU 3HAKOMBI Te, KTo nucasa Ha C g MS DOS. B ciy-
qae 1386 OOJIBIIMHCTBO CUCTEM IIPOIPAMMUPOBAHUS BBIIEJISIIOT IPOIPAMME OJIMH CEMMEHT C 32-pa3psiIHbIM CMENeHUEM,
U [pOrpaMMa YKUBET TaM Tak, OyJTO 3TO OObIYHAS MAIIUHA ¢ 32-PA3PSIHBIM JIHHEHHBIM &JIPECHBIM [TPOCTPAHCTBOM.
Tax mocrymaior Bce m3BecTHBIE aBTOopaMm peasmsarmu Unix mrs i386, psig tak HasbiBaembix pactmmpuredseii JT0C
(DOS extenders), Oberon/386, Novell Netware u T.j1.

C apyroii cropoubt, MS Windows B enhanced pexxume UCIOIB3YIOT 1386 UMEHHO KaK MAIIMHY C JIBYXCJIOWHOM
CEerMEHTHO-CTPAHUIHON ajipecanueii, To eCTb 3arpyzKalT MporpaMMy IO CerMeHTaM, W MpaBa JOCTyla eif BbIIAI0T
Ha CErMEHTBI, 8 MOJIKAYKY C JINCKA JIEJAIOT MOCTPAHUIHO. DTO 00YCJIOBJIEHO HE CTOJBKO HACTOSINEH MOTPEOHOCTHIO B
CerMeHTallud, CKOJILKO TpeOOBaHMEeM COBMECTUMOCTH co standard pexkumom, B koropom MS Windows pabGorator Ha

mporeccope 80286

3.6 CrpaHuvHbIlii 0OOMeH

IMonkauka, uau cBOIMUHT (Swapping — o6MeH), — 9TO IPoIece cOPOCa PEJIKO UCHOJIb3YEMbIX 00JacTel
BUPTYaJIbHOI'O aJIPECHOT'O IIPOCTPAHCTBAa IPOrpaMMbl Ha JUCK WM JPYToe yCTPOICTBO MacCCOBOIl HaMsATH.
Takast MaccoBas maMaTb BCErJ/la HAMHOIO JIEIEBJIe ONEPATUBHON, XOTd U HAMHOIO MeJjieHHee. Bo MHOTHX

yuaebHrKkax 1o OC mpuBOAATCST TAOIUIBI CJIETYIOIIEro BUIA:

[Ipu paspaboTke cucTeMBbl BCEraa eCTb XKeJIaHue CAeJaTh IMaMATb Kak MOXKHO ObicTtpee. C mpyroit
CTOPOHBI, TOTPEOHOCTH B ITAMATH OYEHb BEJIMKHU U MOCTOSHHO pacTyT. COBpeMeHHbIe IIePCOHAIbHBIE CUCTEMBI
nMeroT okoj10 500 MbailT 1rMcKOBO#l MaMsATH, 1 9TOrO YaCTO OKA3LIBAETCS HEJOCTATOYHO, OCODEHHO €CJIH UIET

pabora ¢ Multimedia nin TpocTo ¢ BBICOKOKAYECTBEHHBIMU M300DaYKEHUSIMU.

CylmecTByer SMIMpUIecKoe HabJIIOJIEHNE, YTO 410001 00beM JIMCKOBOI maMsiTi OyJIeT MOJTHOCTHIO 3aHAT 38 JIBe

HezaeJiun. 2Ku3HeHHbIH onbIT 060MX aBTOPOB IIOATBEP2KIaeT €ero.
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Tun mamsaTu Bpems | lena 1Mbaiita Criocob ucroib30BaHus
JIOCTYTIA

Craruyeckast TaMsTh 15mC $200 Perucrpnl, kam-maMaTn

JnnaMudecKas maMsaTh 70 HC $30 (4Mb SIMM) OcHoBHasT TaMITD

2KecTKre MarHuTHbIE JIUCKU 1-10 mc | $3 (1.2Gb EIDE) QailoBble CUCTEMBI, yCTPOii-

CTBa CBOIIIIMHIA
MarauTHbie JIEHTHI cekynupl | $0.025 (8mm Exabyte) YerpoiicTBa pe3epBHOTO KO-

IMpOBaHUA

OueBniao, uro cucrema ¢ 500 M craruaeckoro O3Y 6yjer UMeTh CTOUMOCTH, CKaXKeM TaK, COBEp-
IIIEHHO HE TIEPCOHAJLHYIO, HE TOBOps yXkKe 0 rabapurax, moTpedssgeMoil MomHocTH u npodeM. K cuacTbio,
JAJIEKO He BCe, UTO XPAHUTCS B HAMSATHU CUCTEMbI, UCIOJIL3YETCs OJHOBPEMEHHO. B KaK/Iblil 3alaHHbI MO-

MEHT HMCIOJIHAETCA TOJIBKO YaCTb IIPOT'PAaMMHOTO O6GCH€‘IGHI/I5{7 1 OHO pa60TaeT TOJIBKO C 9aCTbIO JJaHHDBIX.

CrarucTuka yTBEP:KIAeT, YTO B Npejenax ool mporpaMMbl 90% BpeMeHH MCIOJIHSETCS KO/, KOTO-
porit 3annmaer 10% mecra, a ocranbibie 90% koja ucnosHsores Toibko 10% Bpemenn. st JaHHBIX pasHUIA

B 9aCTOTE HCIIOJIB30BAaHUA, IIO-BUANMOMY, HE CTOJIb pe3Kagd, HO TaK>Ke CyHIIeCTBYET.

DTO IMPUBOJUT HAC K UJee MHOTOCJIONHOW WM MHOTOYPOBHEBOI IaMSITH, KOTI/Ia B OBICTPON MaMsITh
XPaHATCS YaCTO MCIOJIb3yeMble KO WU JAHHBIC, & PEJIKO HCIIOJIb3yeMble IMOCTEIIeHHO MUTI'PUPYIOT Ha 00-
Jiee MeJJIeHHbIE YCTPOiCcTBa. B ciydae MUCKOBON MaMATH TaKasl MUTPAIUS OCYIIECTBIIAECTCA BPYIHYIO, KOT/Ia
aJIMUHUCTPATODP CHCTEMbI cOpachIBaeT Ha JIEHTBI PEJIKO UCIOJIb3yeMoe «0apaxyio» U 3aloJIHdAeT 0CBOOO/IUB-
Ieecss MECTO YeM-TO HYKHBIM. [l OOJbIINX U CUJIBHO 3arpyKEHHBIX CHCTEM CYIIECTBYIOT CIIeIIHA/IbHBIC
[IPOTPaMMBI, KOTOPBIE OIIPEIEJISIIOT, UTO sIBJISIETCsT DapaxJioM, a ITo HeT. Yupasjenue murpanueit uz O3Y Ha
JIICK MHOIJIA OCYIIECTBIISETCS 1T0JIb30BATEIEM, HO YaCTO 9TO OKA3bIBAETCs CJIMINKOM yTOMHUTEIbHO. B ciydae

Kam-mamMsit 1 O3Y jesiaTh 9TO-TO BPYUHYIO IPOCTO (PUBUIECKH HEBO3ZMOZKHO.

EcrecrBenno, /ijist TOro 9To0bBI ABTOMATH3UPOBATH IIPOIECC YIAJIEHUsT «bapaxjas — PeIKO UCIOJIb3Y-
eMBbIX JIAHHBIX U IIPOIPAMM, — MbI JIOJ2KHBI UMETh KAKOW-TO JIETKO (DOPMAaIU3yeMblil KpUTEPHil, 10 KOTOPOMY
OIIpeJIesIsIeTCsl, KaKne JTaHHbIe CUUTAIOTCS PEJIKO UCIOIb3yeMbIMU. It PyYHOro nmepenoca JaHHbIX KPUTEepUit
OYEBHJICH — HY’KHO yJIAJIATEY TO, YTO J0JIbIIE BCEro He By/IeT UCHOIb30BAThCs B Oy ryiienM. Koneano, obbie
IIPETIOJIOKEHUS O OYIYIeM UMEIOT YCJIOBHBIN XapaKTep, BCe MOXKeT HEOXKUIAHHO NM3MEHUTHCI. 'TeM He MeHee,
0OBIMHO U€/I0BEK PACIIoJIaraeT Takoi mHdopMalieir 0 CUCTEME U €€ UCIIOJIHL30BAHNHT, KOTOpas TPUHIIUITHATHLHO

HEJIOCTYIIHA, CAMOU 3TOi cucreme. A jjist apTomara Oy/Iylliee HEM3BECTHO, M OH JIOJKEH JIEJIATh JOTAJKUA O

6yﬂyHLeM TOJIBKO Ha OCHOBaHUM JaHHDbIX 00 HCIIOJIb30BAHUHI CACTEMBI B IIPOIIIJIOM.

AnropuT™m aBTOMATA JIOJIXKEH OBITH KaK MOXKHO O0jiee TpocThbiM. Hampumep, K9I-KOHTPOJLTED OOBITHO

5Boobie rosops, mox yaadeHueMm (removal) modemy-to OGBIMHO HOHMMAOT Pa3pylleHHe JAaHHBIX. B JaHHOM paszierne
MbI BPEMEHHO BEPHEM TOMY CJIOBY UCXOIHBIN CMBICIT: YAAJIATEH YTO-JIN00 OyIeT 03HAYATD: IEPEHECTH 3TO Ha 6ojiee MeJIeHHbII
dbusuaeckuit Hocuresb, u3 Kama — B O3Y, uz O3Y — Ha AuCK, ¢ AUCKA — HA MATHUTHYIO JICHTY WJIH JIPYTOE JENIEBOE U MEJJIEHHOE

YCTPOHCTBO MAaCCOBOU ITaMATH.
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JIeJIAETCS HA OCHOBE «2KECTKO JIOTUKU», IIOTOMY YTO OH JIOJKEH OBITH O4YeHb ObICTpbIM. [layke MuKpompo-
IPaMMHBIIl aBTOMAaT C TOYKHU 3PEHUA CKOPOCTU OKa3bIBaeTCH HEJIOIYCTUMBIM, HE I'OBOPS YK€ O CJIOXKHBIX
aJITOPUTMaX, UCIOJB3YIONIX AMHAMIYIECKNEe CTPYKTYPHI JaHHBIX. (I anropuTMa yIpaBiIeHns CTPAHUIHOMN
IIOJIKAYKOI ITPOCTOTA TAKKE Ba2XKHA — OUeHb HE XOUETCs, ITOOBI OOJIBINYIO YaCTh BPEMEHH CUCTEMA 3aHUMAJIACh
Pa3MBINIJIEHUSIMU O TOM, KAKyI0 CTPAHUILy MOXKHO cOpocuTh Ha jinck. CpaBHUTE ¢ apMeicKuM ahopu3MoM:
«KOMAaH/JIUD JIOJI?KEH YMEThb IPUHUMATD Ob,CMPOE PENIEHNE, & €CJIH OHO CJIyYailHO OKaYKeTCsl IIPABUIBLHBIM, TO

570 OyzeT BooOIIe 3aMedareIbHoy (IuT. 1o [5]).

OpmH mpocToit KpuTepuii BEIOOpa OUYEBUIEH — IIPU IIPOYINX PABHBIX YCJOBHUSIX, B IIEPBYIO OUEPE b, MBI
JIOJIZKHBI BBIOUPATh B KauecTBe »KePTBbI (victim) jyist yiaienusi Tor 00beKT, KOTOPbIH He OblJI N3MEHEH 3a
BpeMsl XKU3HU B ObICTpOil namsitu. JleficTBUTENILHO, BbI CKOPee yIAIuTe ¢ BUHUECTEPA caMy UIPYIIKY (eciiu

y Bac eCTh ee KOIUs Ha JUCKeTax), YeM (ailyibl coxpaneHusi!

CaMblit IPOCTO# AJITOPUTM — BBIKUJIBIBATH CJIYYailHO BBIOpaHHBIH 0OBEeKT. Takoil ajaropurM xXoporr
TeM, ITO OYEHb [POCT — He HAJI0 HADUPATH HUKAKOW CTATUCTUKHU O YaCTOTE UCIOJIb30BaHus u T.;1. O4ueBuIHO,

[P 9TOM YIAJEHHBI 0OBEKT COBEPIIEHHO HEOOSA3ATEIbHO OYIeT HEeHY KHBIM. . .

MozKHO TakzKe yIaJsiTh TO, 9TO JOJIBIIE BCETO HAXOIUTCS B JAHHOM CJIO€ MAMSITH. DTO HA3BIBAETCS
anroputmoMm FIFO (First In - First Out — nepserit Bomes - nepseiit Beimen). Buaro, 410 910 yiKe 9yTh
CJIOYKHEE CJIYUYafHOIO YIOAJIeHHsT — HY2KHO 3allOMHHATH, KOTJIa MBI UTO 3arpyzkaJju. [IoHITHO TakKe, ITO 3TO

JINIIIb OYeHb T'Py0Ooe Mpub/IMKeHne K TOMY, 9TO HaM TpeOyeTcs.

Hawubosee wectabiM OyneT yoatdaTh TOT 00BEKT, K KOTOPOMY JIOJIbIIIE BCETO He OBLIO OOpalleHuil B
nporniom LRU (Least Recently Used). 91o Tpebyer nabopa crarucruku 060 Beex obpamenusx. s
CTPAHUYIHOIO WJIM CEIMEHTHOI'O YIIPABJIEHUS MMaMSITBIO 9TO TakyKe TpeOyeT almaparTHON MOJIEPKKU — MBI
B€JIb HE B COCTOSTHUU ITPOTPAMMHO OTCJIEXKUBATH BCe OOPAIIEHUSI KO BCEM CTPAHUIAM 0e3 KaTacTpOopuIecKoro

ITaieHusd IIPOU3BOAUTE/IBHOCTU CUCTEMBI.

Takas mogmepKka Ha MPAKTUKe JOKHA COCTOATH B TOM, UTO JUCIHETHUED MaMSITH IOJIEPKUBAET B
JIECKPUTITOPE KaXKJIOW CTPAHUIIBI CUETYNK OOPAIIEHUN, U IIPU KaXK 0N OIEPAITMH YTEHIUS WJIA 3AIMCUA HAJT STOMI
CTpaHUIEH YBEJIMIMBAET ITOT CUETUYUK HA €IUHUILY. DTO TPEOYET JOBOJBLHO OOJIBIMTUX HAKJIAIHBIX PACXOIIOB
— B paje pabor ([6]) yTBepKaaeTcst, 9T0 OHU Oy T HEAOMYCTHMO GosbimuMu. [looToMy Takasi TeXHUKa [IPH-
MEHSEeTCs TOJBKO B 9KCIEPUMEHTAJIBHBIX YCTAHOBKAX, UCIOJIb3YEMbBIX JJIs OIIEHKM IIPOU3BOJIUTEJILHOCTU TeX
WA UHBIX aJropuTMoB. OHa Tak>Ke IMPUMEHSIETCH B HEKOTOPBIX KOHTPOJLIEPAX KIII-MAMSTH U ITPOrPAMMHO

PeaJIM30BaHHBIX JUCKOBBIX K3IIaX.

OcrpoymubiM npubsnzkerueMm K ajqroputmy LRU siBistercst Tak HaseBaemblii clock-asmopurm. OH

COCTOUT B CJIEJIYIOIIEM:

o JlecKpunrop KakJIOfl CTPAHUIIBI COMAEPXKUT OUT, YKA3BIBAIOIINi, UTO K JAHHON cTpaHuie Obu1o obpa-

HieHre. DToT OUT MHOIAA Ha3bIBaIOT clock-OuToM.

e [Ipu nepBom obpallieHnn K CTpaHuIle, B KOTopoii clock-6uT ObLIT COpOIIeH, aucIIeTYep MaMATH YCTaHAB-
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JIABaET 3TOT OUT.

e IIporpaMma, 3aHUMAOIIASICA TTOUCKOM »KEPTBBI, ITUKJIUIECKH IIPOCMATPUBAET BCE JTECKPUIITOPHI CTPa-
auil. Eciin clock-6uT cOporreH, qanHas CTPAHUIIA 00bSIBIISIETCST 2KEPTBOM, 1 MIPOCMOTD 3aKAHINBACTCS —
JI0 TIOsIBJIEHUST TTIOTpeOHOCTU B HOBOM cTpanutie. Ecau clock-6uT ycraHoBjeH, To mporpaMma cOpachbiBaeT

€ro u 1IIpoaoJizKkaeT IIOUCK.

Hassanue ClOCk, IHO-BUAMMOMY, IIPOUCXOAHUT OT BHEHIHEI'O CXOIACTBa IIpolecCa HUKJINYIECKOI'O IIPO-
CMOTpa C ABU2KEHHUEM CTPEJIKU YaCOB. HO‘HyMaB, MO2KHO y6eﬂI/ITbCH, YTO BEPOATHOCTH OKa3aTbCAd }I{epTBOﬁ

JJIsd CTpaHUIIbI, K KOTOpOfI JaCTO IIPOUCXOIAT O6paHLGHI/IH7 CyIIeCTBEHHO HH2KE.

[IpakTuveckn Bce M3BECTHBIE aBTOpaM JMCIETYEphl IMaMSITH IIPENOJIaraloT HCIoJb3oBaHue clock-
ajaropuTMa. Takue IUCIeTYephbl XPAaHAT B JECKPUIITOPE CTPAHUIILI WM CerMeHTa ABa Omra — clock-6uT n
npusHak Mogndukayy. [Ipusnak MomuduKanmun ycraHABINBACTCS IIPU II€PBOii 3aIMCH B CTPAHUILY /CEIMEHT,

B JIECKPHUIITOPE KOTOPOIl 3TOT MPU3HAK OBLIT COPOIIIEH.

OKCIIEPUMEHTAJIbHBIE WMCCJIEIOBAHNST MTOKA3BIBAIOT JIIOOOIBITHBIN (DaKT: peasibHasi ITPOU3BOIUTE b=
HOCTBH CUCTEMBI JIOBOJIBHO CJIa00 3aBHCHAT OT IPUMEHSIEMOT'O aJITOPUTMa IOUCKa KepTBbl. CTaTucTuka uc-
MIOJTHEHUST PEAJTbHBIX IIPOTPAMM T'OBOPUT O TOM, UTO KaXKJasl MPOIPaMMa MMEET HEKOTOPLIl HabOp CTpaHuUIl,
HA3BIBAEMbIIl pabOYMM MHOXKECTBOM, KOTODBIi eif B TaHHBIII MOMEHT deticeumenvho Hy»KeH. Pasmep Ta-
KOro Habopa CHUJIbHO 3aBUCUT OT aJCOPUTMa IPOTPAMMBI, OH M3MEHSIETCS HA PA3JIUIHBIX TAIAX UCIOJTHEHUS
U T.JI., HO B OOJIBIIIMHCTBO MOMEHTOB MBI MOXKEM JOBOJILHO TOYHO yKa3aThb ero. Kciaum Bce crpanuiisl pabo-
1ero Habopa MOIAIAI0T B MAMATH, TO YACTOTA OITHOOK OTCYTCTBUS CTPAHUIIBI PE3KO CHIKaeTcs. B ciytae,
KOTJIa TAMSITH He XBaTaeT, IPOrpaMMe IMOYTH Ha KaXKJIOi KOMaHIe TpeOyeTcss HOBas CTPAHUIA, U IIPOU3BO-
JIATEIHBHOCTH CUCTEMBI KaTacTPOUIECKN — B THICSIYN pa3 — najaer. B ciayvae mamun tumna IBM PC/AT386 ¢
JUCKOBBIM KoHTpoJuiepoM IDE; B KoTOpbIX mporieccop 3a/ieficTByeTCs P OHMEPAIUAX C JUCKOM, 9TO MOXKET
MPUBECTH, TPAKTHIECKH, K OJIOKUPOBKE CHCTEMBI. DTO COCTOSTHUE TIO-AHTJINHCKN HA3LIBAETCS OVErswap Win

thrashing — ype3MepHbIil CBOINMIHT U sABJISIETCS KpaiiHe HeXKeJIaTeTbHBIM.

B cucreMax KoIJIEKTHUBHOTO TOJIL30BAHUS pa3Mep MaMsITH YacTO BLIOMPAIOT TaK, YTOOBI cUCTeMa 0a-
JIAHCHPOBAJIA TJe-TO MEXKJY COCTOSIHUEM, KOTJIa BCE MMPOTrPaMMBbI JepKaT cBoe pabotdee MHOKecTBO B O3V, 1
oBepcBoNOM. TOYHOE MOJIOYKEHNE TOUKM OaJJAHCUPOBKU ONPEIENISeTCs] B 3aBUCUMOCTH OT COOTHOITIEHUST CKO-
POCTH IIPOIIeCCOopa CO CKOPOCTHIO OOMEHa, C JIMCKOM U C MOTPEOHOCTIAMU MPUKJIAIHBIX IporpamMM. Bo MuOrnx
CTapbIX y4eOHMKaX PEKOMEHIyeTCs MOA0MPATh 00bEeM HaMATH TaK, YTOObI KaHAJ JIUCKOBOTO OOMEHa OBLI

sarpyxen Ha 50% [6].

Eie ogH0 sMInpryecKoe IpaBujIio IPUBOAUTC B JoKyMeHTanun ¢pupMbl Amdahl: cbarancupoannas
cucTeMa JIOJKHA UMeTh 1o Merabairy mamsiti Ha Kaxkapiit MIPS (Million of Instructions Per Second — muii-
JIMOH OIIepaIlyii B CEKYHJLy) MPOM3BOUTEIHLHOCTH IIEHTPAJBLHOIO mporeccopa. Kcim cucrema He HCIOJB3yeT
MaMSTh, OMPEJIETICHHYIO 110 3TOi hopMyJie, eCTh OCHOBAHUSI CUNTATDH, YTO IIPOIECCOP TAKXKe paboTaeT ¢ HeJl0-

pr3KOI7L Nuabivn CJIOBaMHM, 9TO O3HA4Ya€T, 9YTO Bbl KYIIUJIN CJIMIITKOM MOHLHI)IfI JJIgd BalllUX ueﬂeﬁ apoIieccop
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1 3allJIaTUJIN JIMIITHUE JCHbI'N.

DTO PABUIO OBLIO BEIPAOOTAHO HA OCHOBE OIIBITA IKCILIYATAIINN DOJIBIINX KOMIITBIOTEPOB Y€TBEPTOIO
ITOKOJIEHUsI, B OCHOBHOM Ha 3aJladax ylpapjeHust 6azamu gaHHbIX. CKOPOCTH JIMCKOBOI MTOJICUCTEMbBI B 3TUX
MaluHaxX ObljIa IPUMEPHO CPABHUMA C JIMCKOBBIMU KOHTPOJIEPAMH COBPEMEHHBIX ITEPCOHAJIOK, MTOITOMY
aHAJIOTUYHBIN KpuTepuit onenku npumenuM u K [IK, ocobenno paboTaromum 1o yrnpaBIeHUEM CUCTEM C

BupTyaabHoil namsaTeio — OS/2, Windows NT u cucremamu cemeiicrsa Unix.

B coorBercTBUM € 3THUM NpaBUJIOM, MAIIWHBI C IIpoieccopoM 1486 mo/nKabl uMeTh 8-16 MerabaiiT
namsT, a ¢ muporeccopom Pentium — ot 20 u Gosiee. DTu nudPhI TOATBEPKIAIOTCS OIBITOM PEAJHLHON IKC-

IIyaTalliud CUCTEM Ha OCHOBE COOTBETCTBYIOIUX ITPOIIECCOPOB.

B «mepconaibHBIX» OIEpanuoOHHbIX cucreMax, Takux Kak Windows 3.x u Windows 95, curyarnus c

ITaMATbIO, 1 BOO6H.[€ C IIPpOMU3BOJUTEJIbHOCTBIO, HECKOJIbKO NHad.

Jeno B ToMm, uro nosb3oBaress [IK naTEpecyeT He MPOM3BOAUTEILHOCTD B IIEJIOM, & TOJBKO BpeMs
peaKIuyi TEKCTOBOI'O PEIaKTOpa MM 3JIEKTPOHHBIX Tab/IUIl Ha HaxkaThue KHONKH. C OJHOI CTOPOHBI, 9TO BbI-
HYXK/JaeT YCTaHABJIUBATL B CHCTEMY OOJIBbIIE IaMSITH, [IOTOMY YTO CTPAHUYHBIA OOMEH BO BpeMs OTpabOTKH
KOMaHbI B PeIaKTOpPe CYIIECTBEHHO CHUYKAET BPEMsl peaKIIUHM M, COOTBETCTBEHHO, HAO/IIOAAEMYIO CKOPOCTh
cucrembl. [losToMy maMsiTh 9acTO MOAOMPAIOT TaK, YTOOBI UCIOIb3yEMbIE IIPOrPAMMBI U UX JAHHBIE BXOJIMIN
B IaMATh LIEJIMKOM, a He TOJILKO pabounme MHOXKecTBa. Ho, Tak Kak I0JIb30BaTe/lb OOBITHO paboTaeT TOJILKO
C OJIHOI IIPOrPaMMOIi, YACTO OKA3BIBAETCSI BO3MOXKHBIM OrpaHuYnThCs 4 mim 8 merabaitramu namsitu. C apy-
roii CTOPOHBI, HUBKOKAYECTBEHHBIE IIPUKJIAIHBIC IPOrPaMMbl YacTO BBIHYZKIAIOT II0Jb30BaTeseil MOKyIaTh
Ipe3MEepPHO MOIITHBIE ITPOIECCOPHI, UTOOBI 00ECIIEUNThH IIPUEMJIEMOe BpeMsi peaKkIiun. Tak HAIpuMep, peJakTop
MS Word 6.0 Tpebyer nporeccopa kiacca i486/Pentium Jyist peJiak TupoBaHusi TEKCTOB — paboThl, ¢ KOTOPOIt

BIIOJIHE CIIPABJISIETCSI JaXKe 8-paspsiaHbIil mpoieccop Tuma Z-80.
[TosToMy BO MHOTHX KOHTOpaxX YacTO MOXKHO yBHETh MAIIMHY Kjacca Pentium ¢ 8 merabaiitamu

IIaMATH, UCIIOJIb3YEMYIO TOJILKO IJId II€9aTH 6YM8)K6K, TO €CTh OYCHb CHUJIBHO pa36aHaHCI/IpOBaHHyIO 1 O4YCHb

CHUJIbHO HEAOI'PDY2KEHHYIO 110 CTaHJapTaM CUCTEM O6HL€I‘O Ha3HaYCHUA.



I'1aBa 4

IlapaiieabHoe u ncepjonapaJsiieJabHOe

NCIlI1IoJiHeHue

4.1 BbIroabl MHOT033Ja9YHOCTH M1 MHOT'OIIPOIIECCHOCTH

Borauciuresbuble CHCTEMBI IIEPBOIO MOKOJIEHUS OBLIN MOJHOCTBIO OJIHO3a/Ia9HbIMU. [IporpamMmucT Habupad
CBOIO IIpOrpaMMy TyMmOJiepaMu Ha KOHCOJIH, & 4yTh II032Ke — BBOJWJI ee ¢ nakera rnepdokapt. Bee aTo Bpe-
Msl cucTeMa ObljIa B €ro JIMYHOM PACIOPS2KEHUU, TO €CTh B HEKOTOPOM CMBbIC/IE, SBJISIACH [EPCOHAIBLHBIM
KoMIbioTepoM. IJo Mepe Toro Kaxk 3arpyska KOMIBIOTEPOB POCJa, Y CUCTEMHBIX aJIMUHICTPATOPOB BO3ZHUKJIIO
JKeJIaHWe KAaK-TO PAacClapaJuleJInTh TOT IIPOIECC — IIOKa OJUH I0JIb30BaTe/b BBOJIUT CBOU HEP(OKAPTHI, Y

APYyroro UCIOJIHAETCA IIporpaMMa, y TPEThEro nedaTaeTcd pe3yjibTaT U T. .

PazBurne 3Toit nmen npuBeso K cucreMaM KOJJIEKTUBHOTO MIOJIB30BAHNSI — MHOTO TI0JIb30BaTe el OTHO-
BPEMEHHO BBOIST CBOM ITAKeThI TePGOKAPT HA HECKOJIBKUX CUNTBIBATESAX, HECKOJIBKO IIPUHTEPOB MT€YATAIOT
«IIPOCTBIHUY, & B CUCTEME OJITHOBPEMEHHO »KMBET HECKOJIbKO 3aJIaHUI, KaXKJI0€e U3 KOTOPBIX XKJIEeT OKOHYaHUS
BBIJAYN CTPOKM Ha MPUHTED, WU IOKa IIPOMOTAETCs JI0 HYKHOT'O MECTa JIEHTa Ha MAarHUTO(OHE, WJIN ITOKA
Ipyras 3ajada OCBOOOIUT IMEHTPAJbHBIN IIPOIECCOp, WM KAKOTO-TO JIPYroro BHEITHErO WM BHYTPEHHErO

COOBITHA.

DTO0 Pe3Ko yBeanumiio 3pHEKTUBHOCTD UCIIOJIB30BAHUS JIOPOTOCTOSIINX BEIYUCIUTEIBHBIX CUCTEM U,
C JIPYyro#l CTOPOHBI, CJIeJIAJI0 PEIKUe TOrJa KOMIBIOTEPhI JOCTYIHBIMU 00Jiee MUPOKOMY KPYTy TOJIH30BATE-
geit. K koniy 60-X romoB mosiBUINCH TaK HA3bIBAEMbIE CUCTEMbI Pa3IeJIEHHOTO BPEMEHU, KOTJ/Ia HECKOJIbLKO
[0JIb30BaTe el UHTEPAKTUBHO PabOTaIN ¢ OHON CUCTEMON IIPU MIOMOIIU TEPMUHAJIOB. J[jIs MOIITHBIX cucTeM
YUCJIO TAKUX TOJIL30BATE e JIOXOMUIO JI0 HECKOJBKUX COTEH OJIHOBpeMeHHO. EcrecTBeHHO, 0becrieunBaTh

HOPMAJIbHYIO pabOTy B TAKOM PEXKUME MOXKET TOJIbKO MHoromporeccHas OC.

PaSpa6OT‘{I/IKaM NHTEPaKTUBHBIX IIPpOrpaMM H3BECTHO, YTO CaMbIM MEIJICHHBIM 3JIEMEHTOM HWHTEP-
AKTHUBHOHM CHCTEMBI OOBIYHO ABJISCTCS YEJIOBEK. BO.HI)HIYIO 9aCTh CBOEN KN3HU NHTEPpaKTUBHaA IIporpamMMa

OKHJaeT BBOJA C KJ/IaBHATYPbl WJIN ABU2KEHUA MbBIIIKH. Eciu B cucreme MCIIONHAETCS TOJBKO OHa IIPO-

48
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I'paMMa, TO cUCTeMa IIpu 3TOM, B CYHIHOCTHU, IIPOCTanUBAECT. HO3TOMy JdazKe IJId OJHOIIOJIb30BAaTC/JIbCKUX —
IIepCoOHaJJbHbIX — CHCTEM 4YaCTO OKa3bIBaCTCHA y,ILO6HI>IM NMETHh BO3MOZKHOCTDH pa6OTI>I B MHOI'o3aJa49HOM

pexKuMe.

B cucremax peaJIbHOT'O BPEMEHU BO3MOXKHOCTL 3aHUMATLCA KaKUM-TO IIOJIE3HBIM JI€JIOM BO BpPEM:A

02K JJaHWs BHEITHET'O COOBITHSI YaCTO OKA3bIBAETCS *KU3HEHHO HGO6XO,ZLI/IMOI'7'I.

TeopeTrniecKkn MOXKHO BO3JIOXKHUTDH 33Jlady pacHapaLIeJIMBaHUs Ha MOJb30BATEIbCKYIO ITPOTPAMMY —
TaK TOCTYTAIOT HEKOTOPBIe pa3paboTINKN MporpamMM peasbHoro Bpemenu st MS DOS win B HEKOTOpPBIX

Kpocc-CucreMax.

O/1HaKO MHOTOIIPOIIECCHOCTD CO3J1aeT PsiJi CrieliuuaecKux mpobJeM, U OKa3bIBAETCs T1e/1eCO00Pa3HbIM
pean30BaTh PEIIeHNs 3TUX NPOOJIeM OIUH pa3, coOpaTh KOJI, PEIIAIONINN X, B €JUHBIA MOLY/Ib 1 00 bIBUTD
sror Moayihk siapoM OC. MmerHo TakuM 06pasoM mocTpoeHo siapo cucreM RT-11, 0S-9 u OC, 6azupyromnmxcst

Ha TexHojorun Mukposiapa (microkernel) — QNX; UNIX System V R4, HURD.

B npyrux OC B si/ipo moMeIneH Tak>Ke KOJI, 3aHUMAIOIIUiics paboToOll ¢ BHEINTHUMHU YCTPOHCTBAMU,
U Jayke MeHeJKepbl (DAlJIOBBIX cucTeM. Takue CUCTEeMbl cefiuac Ha3bIBAIOTCS «MOHOJUTHBIMUY. BBINOIBI 1

HEJIOCTATKH 00OUX perneHuit OymyT 00CyKIaThCsl HUKE.

4.2 IIpobisembl nipu napaJjijieJibHOI padoTe

[Teproit u3 npobsieM siBseTcs mpodieMa pasjiesieHus pecypcoB. elicrBuresibHO, IpejicTaBuM cebe JIBe mpo-
IPaMMBbI, [BITAOIIMECS eYaTaTh YTO-TO HA OJHOM mnpuHTepe. Ecjim oHu OyIyT mesiaTh 3TO TPOU3BOJIbHBIM
o0pa3oM, uX BBIBOJI, Ha OyMare OyJeT IepeMelal U CKOPee BCEero OKaXKeTCsi COBEPIeHHO HeduTaeMbiM. OJ1-
HUM U3 PA3yMHBIX PEIIeHUNl MOYKET ObITh MOHOIIOJIBHBIN 3aXBaT MPUHTEPa OJHON u3 mporpamm. [Ipu sTom
Jpyrasi mporpaMma, OyieT BhIHYKIEHA ¥KJIaTh, [I0KA IPUHTEDP He 0CBOOOUTCsI. SHAYUT, HY>KHbBI CPEJCTBA, JJIst

3aXBaTA PECYPCOB U OKUIAHUS UX OCBOGOK ICHIUS! .

Hpyras npobsiema — 310 npobsiema peeHTepabenabHocTH (reenterability — mosroproit Bxomumoctn,

OT re-enter) pasiesseMbIX ITPOrPAMM.

IIpeacraBum cebe, 4TO ABE 3a/a49d HCHOJIL3YIOT OOIIMI ImporpaMMHBIN Momy/ab. [IpuMmepoM Takoro
MOJLYJIst MOXKeT ABJsAThCsI camo sapo OC. IlpencraBum cebe, 9To OIHA U3 IPOrPaMM BbI3BaJIa IIPOIELYPY U3
pazzmesisieMoro MojyJis. I[locse 9Toro mpous3oIio nepeKIiveHre 3a/1ad, 1 BTopas 3aja4da 00paIiaeTcs K TOMy

2Ke MOJLYJIIO.

CymiecTByeT TeXHUKA PEAJIU3AINKU 3TOr0 MOJIYJs, IIPU KOTOPOil TaKOW BBI30B HE CO3/IACT HUKAKUX
npobyiem. Takast TEXHUKa COCTOUT B TOM, 9TO BCE JAHHBIE, C KOTOPBIMI paboTaeT pasjesseMast MporpaMma,
XPaAHATCS B €€ JIOKAJTbHBIX TepeMeHHBIX. [l KayK 0t MHKApHAIIUK TTPOTPaMMBbI CO3/IA€TCs CODCTBEHHAST KO-
s TAKUX JAHHBIX. 1Takoe TpebOBAHMUE JIETKO BBITOJIHSIETCs AJist PYHKIUI, He MMEIOINX IT0009IHOro 3hdeKTa,

TaKNX KaK BbIYMHCJIEHUE CHUHYCa WJIM IIOMCK CHUMBOJIa B TEKCTOBOI CTPOKE.

'Ha npakTuke [yist pas/ieseHns IPEHTEPOB HCIOJIL3YIOT GOJIee CIIOMKHbIE U YA0GHBIE CPEJICTBA, 0BCY K IaeMble B pasee 7.3.7.
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[Tpu apyrux TeXHUKax IPOrpPaMMUPOBAHUSI MOI'YT BOBHUKHYTH CEpPbe3HbIE ITPOOJIEMBI, BILIOTH 10 Pa3-
BaJIa, cucTeMbl. Moiysii, KOTOPbIe MOXKHO BBI3BIBATH MHOIOKPATHO, Ha3bIBAIOTC peeHTepabebHbiMu. Co-
OTBETCTBEHHO IIPOrPAMMbI, KOTOPbIE TaK BBI3LIBATH HEJIb3s, HA3BIBAIOTCS HEepeeHTepabeIbHbIMU. T UIMMIHBII

puUMep HepeeHTepabeIbHON MPOoTpaMMbl — SIPO INCKOBOM omeparmontoit cucrembr MS DOS.

JIerko moHsITh, 9TO IPOTPAMMBI, YIIPABJIAIOIINE BHEITHUMHU YCTPOHCTBAMU Wi (PpailIOBBIMU CUCTEMA~

MU 1 BoODIIle pabOTAIONINE C Pa3Ae/asdeMbIMi 00beKTaMu, He MOo2ym ObITh peeHTepabeILHBIMU.

Bo MHOTHX ciydasix OKa3bIBAETCsl BBINOJIHO PACCMATPUBATH HEPEEHTEPAOEIbHYIO TPOrPAMMY KaK pa3-
JICJIIEMBINT PECYPC U PACIIPEJIEISITh JOCTYII K HEMY TEMU Ke CIIocobaMu, 9TO U K MPUHTEPY. Tak mocrynaer
GOJIBITITHCTBO M3BECTHLIX ABTOPAM CPEJICTB OpraHu3aIuy mapaJjreabnoit paborel mog MS DOS. Takum ke

00pa3zoM MUKPOSIPO OPraHU3yeT JMOCTYI MOJb30BATEILCKUX MporpaMm K mosyisim OC.

Ouenb MUPOKHIA KJacc IpobyeM — IpobJIeMbl CUHXPOHUZAINI, BO3SHUKAIONINE IIPU IIONBITKAX Opra-

HU30BaTb BBaHMOILGﬁCTBHe HECKOJIbKHUX IIPOTrpaMM.

IlepBasi, camasi mpocrasi U3 HUX, COCTOUT B BOIIPOCE — €CJIM OJHA 3aJa4a IIPOU3BOIUT JTaHHbIE, 8 BTO-
pasi uX moTpedJIsieT, TO KaK 3aJa9a-IIoTpedbnTeIb Y3HAET, YTO TOTOBa OYepeaHasl Mopuus JaHubix! Wm, 9ro
elle MHTEepecHee, KaK OHa y3HAET, 9TO O4YepeIHasl IOPIKs JaHHbBIX ele He roroBa! THUINIHBIA ciiydail Tako-
0 B3aMMOJIEHCTBUsI — ACHHXPOHHOE YTEHME C JUCKa, KOIJa IIporpaMMa JIaeT JUCKOBOMY JpaiiBepy 3alpoc:
«9UTail ¢ TAKOI'O-TO CEKTOPa B TAKOW-TO OJIOK HaMSITH», U IPOJOJIZKAET 3aHUMATHCSI CBOMMU JIEJIaMU. DTO
pexkuM paborsl, nojepxkuBaemMblii Bcemu OC yimaun RT-11 - RSX-11 - VAX/VMS - OpenVMS u muornmu

cucreMaMmn peaJibHOI'O BPEMEHU.

I pyras mpobyiemMa Ha3bIBaeTCsI Tpo0JIeMOt KpUTHYIEeCKUX cekinit. Hampumep, omama mporpaMMa BCTaB-
JITeT JaHHBIE B pa3lesiseMblil ABYHAIPABJIEHHBINA CIIMCOK, & Apyras JOCTaeT X OTTyda. Te, KTo 3HAKOM C
AJICOPUTMOM BCTABKHU B CIIMCOK, JIEPKO IOMMYT, UTO €CTh MOMEHT, KOTIa yKa3aTe/d 3JIEMEHTOB IIOKa3bIBa-
IOT BOBCE HE Tyja, Kylda Halo. IIombITKa IPOM3BECTH B 3TOT MOMEHT KaKyIO-TO JAPYIYIO OIEpPAIiio H3MEHe-
HUsI CIUCKA IPUBENET K IOJHOMY Pa3pyIIeHUI0 ero CTPYKTYPhI, a YTeHHe MM [TOMCK 3aKOHUYATCS aBapueil.
[TosToMy M3MeHsIIOIIAs IporpaMMa JOJXKHA KAKHM-TO 00pa3oM OJOKUPOBATL JIOCTYI K CIHCKY Ha BpeMs

n3MeHenns. Jacro 3To JeJIaeTCd TeMU 2Ke CpeJICTBaMMi, 9YTO U pa3/ieJICHUE PEeCypPCOB.

BosbiuncrBo pereHunilt Bcex BBINIENIEPEIUCICHHBIX TPOOJIEM CBOIUTCH K CO3JIAHUIO KAKOTO-TO CPE/I-
CTBa, COODIITAIONIErO IIPOrPaAMME, UTO IPOU3OIILIO TO UJIX MHOE BHEIIHEe WIH BHyTpeHnHnee cobbitue. [Ipu sTom

IIpOrpaMMa, MOXKET OCTAHOBUTHCSI, OKUAAST 38 TaHHOIO COOBITHSI.
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4.3 Metoabl CUHXPOHU3AIIAN
4.3.1 IlpepbiBaHUS U CUTHAJIBI

A caviwy xpur 8 memmome,

BOSMOO*CHO, amo cuzHan

Nautilus Pompilius

I/ICTOpI/I‘IECKI/I IIEepBbIM METOI0M COO6HI€HI/I§I CHCTEME O BHEITHEM COOLITUN SIBJISIeTCS allllapaTHOE IIpe-
pbIBaHUe. I/I,Heﬂ npepbiBaHUd COCTOUT B TOM, 4TOOLI B MOMEHT COOLITUS BLIZLIBATD HEKOTOPYIO IIOJAIIPOrpaMmy,

KOTOpasd 1 BBIITOJIHUT ﬂeﬁCTBI/IH 110 o6pa60TKe COOBITHS.

CroBO TIpEepBbIBAHUE MIPEJICTABIISIET JJOBOJIHHO HEYIATHYIO, HA B3IV ABTOPOB, KAJIbKY C aHTJIOSI3bIU-

HOTO TepMuHa interrupt (cyrecTBUTEIBHOE OT IyIaroja IPepBaTh).

[IpepbiBanus, BbI3BAHHBIE BHYTPEHHUMU COOBITHSIMU, YACTO HAa3bIBAIOT MCKJIIOYEHUSIMU
(exceptions). Mb1 jajee GyjeM pasjesisiTh TU J(Ba I[OHSITHs, TO €CTh BHENIHHE HPEPBIBAHUS OyieM
Ha3bIBATH IIPOCTO MPEPLIBAHUAMU, & BHYTPEHHUE — UCKJIIOUeHUIMU. VICKIIIOUeHNsT BO3HUKAIOT PU JICJICHIHT

Ha, HOJIb, HEOIIPEIeJIEHHOM KO/e KOMAaHJIbI, OITNOKAaX oOpallleHus K IaMsiTH U T.]I.

Peanmzamum mpepbIBaHMil U NCKIIIOUEHUN Y PA3HBIX ITPOIECCOPOB HEMHOTO OTIINIAIOTCH.

st mpuMepa paccCMOTPUM OPTaHU3AINMIO TpephIBaHmil B MamuHax cemeiicrBa PDP-11. Mamuubl manHoit ap-
XUTEKTYPBI CefYac MOYTH He UCHOIB3YIOTCsI, HO Psijl apXUTEKTYPHBIX PEIeHUil He TMOTepsl aKTYaJbHOCTH U TOHBIHE.

B JaCTHOCTH, IIO/IXO/] K peaJin3aliun HpeprBaHI/Iﬁ CHUTaCTCA KJIaCCUICCKUM.

IIporieccopsr cemeiicrBa PDP-11 paznuyaror 128 Tunos npepbiBannii u uCKIoYennit. Kaxx oMy tuiry coorser-
CTBYyeT IIPOIe/Iypa - 00paboTInK. Ajipeca TOUEK BXOJIa BCEX IPOIEyp cOOpaHbl B TabJIUILy, HA3BIBAEMYIO TabJIuIieil
BEKTOPOB MPpepbIBaHU. JTa Tadaura 3anuMaeT 256 cj0B pU3nIecKoil maMsiTi, HAUnHAs C HYJEBOTO ajpeca. Kax-
ZIblii 2jieMeHT Tabauibl (BEKTOP) COIEPKUT ajipec 06paboTYrKa U HOBOE CJIOBO COCTOsiHMs Iiporeccopa. Huxe Gyzmer

00'bSICHEHO, JIJIST 9er0 3TO CIEJIaHO.

IIpomeccop ysHaer O BO3HMKHOBEHUHU IIDEPBIBAHUSI, €CJAM HA OJMH M3 BXOJOB 3alPOCa IIPEPHIBAHMS II0/IaH
curaast. OOBITHO STOT CUTHAJI T€HEPUPYETCs OJHIUM U3 BHEIHUX ycTpoiicTs. Hampumep, mpepbiBanne MOKeT CUTHAJIN-

3UPOBATHh O 3aBEPIICHUU OIlepalluu IIepeMeneHud IroJIOBKH JIUCKOBO/da, U T. .

Kaxkap1iii BX0 COOTBETCTBYET OIIpejesieHHOMY ypoBHIO npuopurera. PDP-11 mMeer BoceMb ypoBHEil mpuo-
purera mpepbiBanusd. [IpepbiBaHme MPOUCXOIUT TOJTHLKO KOTJIA YPOBEHb IMPUOPHUTETA IIPOIECCOPa HIKE IMTPUOPUTETA
3ampanimBaeMoro mpepbiBanus. Kciam y mporeccopa yCTaHOBJIEH MPUOPUTET 7, BHEIIHWE IPEPBHIBAHUS 3aIPEIeHbI.

[Ipuopurer nporeccopa 3a71aeTCs €ro CJI0OBOM COCTOSHUS.

[Tosy4us 3ampoc, mporeccop 3aBepIaeT UCIOJTHEHNE TEKYINeil KOMAHbI U BBICTABJISIET CUT'HAJ TOTOBHOCTH K

npepbiBanuio. [lociie 3TOro BHeNIHEE YCTPOWCTBO BBHICTABIISET HA IIMHE JAHHBIX HOMED BEKTODPA IIPEPHIBAHUS.

[Ipomeccop cuTHIBAET HOMEP M BBI3BIBAET COOTBETCTBYIONILYIO POIEAYPY U3 TaOauIibl. I1pn 3TOM BBI30B 00pa-
6OTLII/IKa IpepbiBaHUd OTJINYaEeTCsA OT BbI3OBaA O6bI“IHOI‘/JI nponeayphbl: IIpu O6I)I‘{HOI\/I BBI30BE B CTEKE COXPaHAETCA TOJIbKO

aJIpeC KOMaH/Ibl, Ha KOTOPYIO CJIEye€T BO3BPATUTH YIIpaBJICHHUE. HpI/I IIpepbiBaHUN K€ B CTE€Ke COXPaHAIOTCA JBa 3HA-
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qeHusi: aJipeca KOMAaHJIbl U CJIOBa COCTOSHUS Iporieccopa. HoBoe cjioBo cocTosiHus Gepercs u3 TabJinIlbl BEKTOPOB.

Ilpu sTom npuopwurer poreccopa aBTOMaTHIECKH yCTaHABJINBAETCS DABHBIM TOMY 3HAaYE€HHIO, KOTOPOEe pa3paboTInK
1porpaMMbl 06paboTkn cauTaeT npasuabHbiM. ObparnTe BHUMaHHE: HE PABHBIM MPHOPHUTETY 00pabaThIBAEMOTrO Ipe-

DBIBaHHSI, & TOMY, KOTOPOe TpebyeT pa3pabOoTIHK.

ITpu 3aBepuieHnn nporeaypbl 06paborku Bei3biBaercst Komasa RTI (ReTurn from Interrupt — Bosepar us
[pepbIBaHus). DTa KOMAHJA BBITAJKUBAET U3 CTEKA AJPEC [PEPBAHHON KOMAHJBI U CTAPOE CJIOBO COCTOAHUS, TE€M

CaMbIM BOCCTAHABJINBAS [IPUOPUTET IIPOIECCOPA.

st cpaBHEHUS: B mIporieccopax cemeiicTsa i80x86 BEKTOD IpephIBAHUs COAEPIKUT TOJIBKO &JIPEC MPOrPAMMbBI-
00paboTynKa, a IPUOPHUTET IIPOIECCOPA 3aJAETCS He CJIOBOM COCTOSHHS IIPOIECCOPA, & PETUCTPOM BHEIIHETO YCTPOii-
CTBa — KOHTPOJIJIepa npepbiBaHuii. KoHTposiep npepbiBaHuit 0ObIMHO YCTAHABINBAET TPUOPUTET PABHBIM ITPUOPU-
TeTy npepbiBaHusi, 00pabaThIBAEMOrO B JAHHBI MOMEHT. UTOOBI IIOBBICUTH WJIU IIOHU3UTH ITOT yPOBEHB, 00pabOTINK
MIpepbIBaHUS JIOJI2KEH MPOrPaMMHUPOBATh KOHTPOJLIEp. Ilepen 3aBepinernemM oOpaboTIMKa HEOOXOINMO BEPHYTH KOH-

TPOJLJIED IPEPHIBAHUI B HCXOIHOE COCTOSIHUE, BHIIIOJIHUB HAJI HUM CEPHUIO MAarHYeCKUX KOMAHI — SIINJIOT IIPEPHIBAHMS.

O6paboTKa MpephIBAHUN B CHCTEMAaX € BUPTYaJHHON MAMSITHIO HECKOJIBKO YCJIOXKHSIETCS: BeJb KPOME aJIpeca

00paboTINKa HAM HAJIO eIle 33JIaTh aJ[PeCHOe IIPOCTPAHCTBO, B KOTOPOM 3TOT aJIPeC OIPEIe/IeH.

B momenax PDP-11, umeromux aucrieTdep MaMsaTH, 9Ta TpobJieMa PernaeTcs MpoCcTo: It IPOIEccopa B KayK-
JIBIIT MOMEHT BPEMEHU 3aJIaHbI JIBa aPECHBIX IIPOCTPAHCTBA: MOJb30BaTEIHLCKOE U cUcTeMHOe. Bee npepbiBanust obpa-
6aThIBAIOTCH B CUCTEMHOM a/PECHOM IIPOCTPAHCTBE.

B zamumennom pexkume mporeccopoB i80x86 mcmonbp30Ban 60s1ee rnOKMit MEXaHN3M YCTAHOBKH a/[PECHOTO IIPO-
CcTpaHCTBa g obpaboTunka. I1o cyIecTBy, ¢ KaxKIbIM 00pabOTINKOM MOYKET OBITh aCCOIMMPOBAHO CBOE BUPTYAIbHOE
ajipecroe mpocTpancTBo. O crocobe, KOTOPBIM 9TO JOCTUTAETCSI, JIYUIlle IIPOYUTATDH B JIUTEPATYPE TIO0 COOTBETCTBYIOIITIM
nporieccopam, narpumep [20].

AmnajornuHoe npepbIBaHUAM cpescTBO peasn3oBano B psajge OC — nampumep, B UNIX — s uncro
MIPOTPAMMHBIX COOBITHIT. DTO CPEJICTBO HA3BIBAETCS CUTHAJIAMM U HCIOJIb3yeTCs JJisi 00pabOTKU UCKITFOIH-
TeJIbHBIX CUTYAIlnii M, B HEKOTOPBIX CJIyYasix, JJis MexKIporeccHoi komMmyHuKkamuu. Curaaysl B UNIX gacTo
HCIIOJIB3YIOTCS JIJIsl TPUHYANTEIbHOTO 3aBEPIIEHNS] IIPOT'PAMMBI, U Jia’kKe KOMaH/la NOCBLJIKNA CUTHAJIA Ha3bI-

Baercs kill — yOUTb.

Jlerko BUIIETH, YTO NPEPBIBAHUS U CUTHAJBI MOTYT CJIYXKHUTH JJIsl OMOBEIEHUsI ITPOrPAMMBI O CO-
OBITHH, HO HE PENIAIOT HU OJIHON U3 mpobJieM, NMEePEedrC/IEHHBIX B pasieie 4.2, a HAIPOTUB, CO3JAI0T UX.
JeiicTBUTEIEHO, TMOAIIPOrpaMMy 0OpabOTKM IMpEpbIBAaHUS BO MHOTUX OTHOIIEHUSIX MOYKHO PAaCCMATPUBATH
KaK IapaJuleJIbHO MCIOJIHSAEMBIN MPOIecc, U K HEll BIOJIHE MPUJIOXKUMO BCe, YTO CKAa3aHO B IPEIbIIYIIEM

pazjerie.

K cuacteio, anmaparHbie peann3aluy MO3BOJSIOT 3aNPEWGMsd BCE UIN HEKOTOPbIE NPEPBLIBAHUS, U
MBI MOKEM PEIUTh TaKUM 00pa3oM IpobJieMy KPUTUIECKON CEKINN WM JaykKe JOCTyIa K HepeeHTepabe b
Hoit mporieaype. OHAKO, TaKOe peIeHne JacTO OKA3bIBAETCs HEY/IOBJIETBOPHUTENbHBIM WA IIPOCTO HEpea-

Ju3yeMbIM. HampuMep, B cucTeMax peaJbHOIO BpEMEHH HeJIb3sl 3allpelaTh MpephIiBaHus Haaoaro. IlosTomy
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nporpamMma obpaboTunka npepbiBanus B mioxo crupoekruposannoii OC, B 1OC uau Ha "rojoii"mamune da-

CTO BBIHYKJIeHA 3aHIMATHCS TOHKOH WT'POil anmapaTHBIMUA yPOBHAME IPepPLIBaHUA. Takasi Urpa JI0CTaBIIsAeT
MHOT'O YJOBOJIbCTBUSI MOJIOJIBIM XaKepaM, HO MOXKET MPUBOIUTbL K TOHKUM U OYEHb TPYIHOOOHAPYKUMBIM

OIIINOKAaM.

OTH OIMIUOKU COCTOST B HEIIPABUILHOM OIPEIC/ICHIN IPAHUI] KDUTUYECKUX ceKiyii. OHU OYeHb ILJI0XO0
BOCIIPOU3BOIATCS IIPA TECTUPOBAHUU, IIOTOMY YUTO Jijis CPAdAThIBAHUs OMMUOKN HEOOXOIUMO BOZHUKHOBEHUE
IpEPBbIBAHUI B CTPOT'O ONPEJIEJIEHHON OCIeI0BATEIbHOCTU U B 3aJIaHHBIE OTHOCUTEIbHbIE MOMEHTHI BPEMEHU.

IToitmaTs TaKyIo OIHI/I6Ky IO THTEPAKTUBHBIM OTJIQTIUKOM IIPAKTUICCKN HEBO3MOXKHO.

Kpome Toro, nporpammy, paboTaroIyo COBMECTHO C MPOIELypamMu 00paboTKU TPEPhIBAHMI, HEIb3s
[IPEJICTABUTh B BHJIC JIETEPMUHUPOBAHHOI'O KOHEYHOI'O aBTOMATA. DTO YCJIOXKHSAET AHAJIN3 AJTOPUTMOB M
JIOCTABUJIO B CBOE BpEMsi MHOI'O BOJIHEHWiI Teoperwkam mnporpamvuposanusi. Hanpumep, B |7 duiikcrpa
OYEHb dMOIIMOHAJIBHO OIMCBIBAET CBOIO PEAKIMIO IPU MEPBOM CTOJKHOBEHHH C CHUCTEMOIl, MCIOJIb3YIOIIei

IIPEPHIBAHUS.

C mpakTHUYIeCKO! TOUKH 3PeHMsI, HanboJiee Cephe3HBIM HEIOCTATKOM IPEPBIBAHUIN SIBJISIETCST TO, UTO
MIPEePBIBAHUST [TPEIOCTABIAIOT TOJBKO MEXaHU3M COODIEHUsT IIPOrpaMMe O TOM, UTO KaKOe-TO COOBITHE IIPO-

MBOIILIO.
Ho kak nmporpamma y3Haer, 4TO COOBITHUSA €Ille HE IMPOUCXOIUIIO?

IleficTBUTEIBHO, BEPHEMCSI K IIPUMEPY U3 IPEBIIYIIErO pa3jesa: IporpaMmMa A Mpou3BOINT JTaHHBIE,
a mporpamMma B ux morpebaster. Hanbosee mpocThIM perteHreM ObLIO ObI OOBLEeINHUTL 3TH IPOTPAMMEBI B
onuH mporecc. Torma nmporpamMma A, Ipou3Best OUEPEIHYIO TOPIUIO JAHHBIX, BBI3bIBaJIa Obl Iporpammy B,
u Kjaja Obl, IMOKa Ta mepexKyer 3Ty mnopimo. Van zHaobopoT, nmporpamma B, obHAPYKUB, UTO €l HyKHBI
ovuepeIHble HaHHbIE, BbI3bIBaJa Obl mporpammy A. IToHATHO, YTO B 9TOM cilydae Mbl OTKA3bIBAEMCSI OT BCEX

[IPEUMYIIECTB MHOI'OIIPOIIECCHOCTH.

Ecyin mbt xoTuM, 9T06BI porpaMMbl A u B ucrostHsuch napaJeabHo, mporpamya B tomkHa 06T
CIIOCOOHA y3HATh, YTO OUYepeIHAas MOPIUA JAHHBIX TOoToBa. Hampumep, Mbl MOYXKEM CO3IaTh (bJiar, KOTOPBIit
paBeH HYJIIO, eC/I JAHHBbIE HE TOTOBBI, U €IUHUIIE, €CJU FOTOBLI. 10r1a MOJE/b B3AUMOIECHCTBUS BLITJISIAT

TaK:

e [Iporpamma B, korna eit Hy>KHBI OuepeiHbIe TaHHbIe, TpoBepseT duiar. Kciau daar pasen 1, manubie

roroebl. Ecau He paBeH, TO HY»KHO 3aCHYTH JI0 TTOJIyUeHUsT CUTHAJIA.
e [Iporpamma A, IOArOTOBUB OYEPEIHYIO MOPIIUIO JTAHHDBIX, IOCHLIAET CUTHAJ IporpaMme B.

e O06paboTunk curHajia ycraHaBiauBaeT (jiar B 1 u BO30OHOB/ISIET BBIMIOJTHEHHE TTpOrpamMMbl B.
Ecyin MbI 3anumem ajgropurM mnporpaMmbl B Ha 11ceBiokoie, OH Oy/IeT BBIIVISIETb IPUMEPHO TaK:

IIpumep 5
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extern boolean flag;

set_signal_handler (DATA_READY, sighandler);
while(1) {
// 0bpaboTka oOdYepenHON NOPLUU LAHHBIX
if (flag !'= TRUE) {
/* 06paTuTe BHEMaHWe, 4YTO IpoBepka ¢mara *
* 1 3achHIaHMEe - STO pasHee omepaTops!  */

pause();

// DJazHme TroTOBH!

} // End while

void sighandler() {
flag = TRUE;

JL71st IpOCTOTHI MBI OITyCKaeM 00Cy K IeHIe BOIIpOca O TOM, KeM 1 Kak dJiar ycranapiauBaercsi B 0. Ham
7 6€3 9TOTO XBATHUT TeM JIJIsi 00CY2K/IeHUsl. BHUMATE/IBHBII YUTATEIb JIOJIYKEH OBbLIT 331aThCsT BOIIPOCOM: UTO
OyzeT, ecain 0OPabOTUYNK CUTHAJIA aKTUBU3UPYETCsS B MHTEpBaje MexKay oneparopamu if u pause()? Xors
Takoe COOBITHE MAJIOBEPOSITHO, OHO IIPUBEIET K 3aChIAHUIO ITporpaMMbl B HaBceral

HampammBaoreecst pelreHne COCTOUT B TOM, 9TOOBI 3anpeTuTh curaa DATA_READY Ha BpeMms IIpo-
Bepku ¢iiara. Ho MBI Bce paBHO JOJIKHBI pa3peNIUTh CUTHAJ IePe 3aChIIaHueM, O3TOMY 9TO, Ha CAMOM
JieJie, BOBCE HE PEIlleHue.

OpHO U3 pernennii COCTOUT B MEPEIE/IKE IMPOrPAMMBI TAKIM 00pa30M:
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IIpumep 6

extern boolean flag;

set_signal_handler (DATA_READY, sighandler);
while(1) {
.... // 06paboTka odepenHO# HOPLUY LAHHBIX
label:
if (flag !'= TRUE) {

pause();

// DJazHme roTOBH!

} // End while

void sighandler() {
flag = TRUE;

goto label;

71t TpoCTOTHI MBI HE 00CYZKAa€M BOIIPOC O TOM, KAK MOXKHO JIeJIaTh Hepelady yIPaBIeHUsT MKy (OyHKIH-
simu. B si3pike C 9T0 MOXKeT OBITH CJiesiaHo OnbsmoTednbiMu byHKIusIMU setjmp/longjmp. B si3pikax Ada u C4++ mist
9TOr0 UCHOJIB3YeTCsI MeXaHn3M 00paboTKy uckiodenuit. Ha accembiiepe Mbl JTO/2KHBI He TOJIBKO II€PEIATh yIIPaBIEHHE,
HO ¥ BOCCTAHOBUTD CTEK B TO COCTOSIHUE, KOTOPOE OH MMEJI BO BPeMsI BBI30Ba IesieBoit GyHkImn. 2Keraornmuye ncciero-
BaTbh 9TOT BOIPOC MOJAPOOHEE MOTYT HPOIUTATH PYKOBOJCTBO TO COOTBETCTBYIONINM SI3bIKAM ITPOrPAMMUDOBAHUST UJIH
HCCIIeIOBATh MCXOJHBIe TeKCThl GyHKIWA setjmp/longjmp, Bxozasinme B nocrasky Borland C/C++ 3.x mmm 4.x, OC
BSD UNIX, Linux u ..

Tekcr 6, HA caMoM Jiejie, COIEPKUT elle 0oJjiee CePbe3HYI0 OMUOKY: 9TO OyIeT, ecjiu 0OpabOTINK AKTUBU3U-
pyercst 1o OKOHYaHUsT 00pabOTKH JAHHBIX! DTa MpobiieMa TakyKe UMeeT pPelleHne, HO MbI He OyeM jiajee 0b6CyKIaTh
9Ty UJEI0, & CKAXKEM JIHIIb, 9TO KOJI, COJIEPXKAIIII PEIIeHNsT BCeX BOZHUKAIONTUX MTPOOJIeM, 3aHsIJT ObI OKOJIO CTPAHUIIBI.

Nmenno nosromy Cnpasoynoe pykosogcTteo nporpammucta OC UNIX He pekoMeH 1yeT moib30BaThCsl CUTHAJIAMY

JJIST CHHEXPOHU3AIINY ITPOIIECCOB.

4.3.2 Cemadopsbi

Eciu MBI XOTUM CIIPOEKTUPOBATDH IIPOCTOH U yIOOHBIN MEXaHU3M CUHXPOHUBAIMH, JIYUIIIIe BCEro 00bEINHUTH
pOBepKy jiara u 3achIlIaHue MMPOIECCa B eIUHYIO OIEPAIINio, KOTOpas He MOXKeT ObITh IIpepBaHa MUCIIOJIHE-
HUEM JIPYroro mporecca. PacnpocTpaHuB 3Ty HMAEI0 HA CIydail B3auMoJeicTBrs H60Jiee 9eM ABYX IPOIECCOB,

MBI IIPUXOIMM K MEXaHU3MY, U3BECTHOMY I10/1 Ha3BaHueM ceMadopoB AuiikcTpsl.

Cemadop HuiikcTpbl mipejcTaBiser coboil MeJIOUNCIEHHYIO TEPEMEHHYI0, ¢ KOTOPOIl acconuupoBaHa
ovepe/ib OYKUJAIONINX IPOIeccoB. [IbiTasich mpoiitu yepe3 cemadop, MPOIECC TBITAETCS BBIUECTh U3 3HAUE-

Hus riepeMennoit 1. FKceim 3nadenne nepeMeHHO# GOJIBINE U PABHO 1, IPOIECC MPOXOIUT CKBO3b ceMadop
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ycrerHo (cemadop oTkpbIT). Ecin nepemennasi paBHa Hy/io (cemadop 3aKpBIT), IPOIECC OCTAHABINBACTCS

U CTaBUTCA B O9epeIb.

3akpbiTre ceMadopa COOTBETCTBYET 3aXBATy Pecypca, JOCTYII K KOTOPOMY KOHTPOJIUPYETCS ITUM
cemadopom. IIportecc, 3akpbiBInil cemadop, 3axXBaTbiBaeT pecypc. Ecim pecypc 3axBatdeH, ocTajabHBIE TIPO-
[IECCHI BBIHY K JIEHBI 2KJIaTh €0 OCBOOOXK IeHNsT. 3aKOHUIUB pabOTy ¢ PECYPCOM, ITPOIIECC YBETNINBAET 3HAYEHUE
ceMadopa Ha eIUHUILY, OTKPbIBag ero. [Ipu 9ToM mepBblil U3 CTOSABIINX B OUYEPEIN MPOIECCOB AKTUBUIUPY-
eTCsl, BBIYUTACT U3 3HadeHusi ceMadopa eJIuHuIly, U CHOBa 3akpbiBaeT cemadop. Eciau ke odepens ObLia
IyCcTa, TO HUIETro He IIPOUCXOJINT, IPOCTO ceMadOp OCTaeTCs OTKPLIThIM. Toraa mepBblil MPOIeCe, MOI0IIe -
muii K ceMadopy, YCIENHO IPORIeT Yepe3 Hero. JTo JeHCTBUTEIBHO ITOX0XKEe Ha PabOTy XKeJIE3HOIOPOXKHOIO

cemadopa, KOHTPOJUPYIOIIETro ABMKEHIE IT0e3/0B 10 OHOKOJIeTHOM BeTKe.

Haubosee npocteim cityuaem cemadopa siBjseTcsi ABOUYHBIN cemadop. HauanbHoe 3nadenne dura-
TOBOI TIEPEMEHHON Takoro ceMadopa paBHO 1, U BOOOIE OHA MOXKET MPUHUMATH TOJbKO 3HadeHusi 1 u (.
JBowunbIil ceMadOp COOTBETCTBYET CJIyYal0, KOTJA C Pa3J/Ie/IsieMbIM PECYyPCOM B KayKJbIi MOMEHT BpPEMEHH

MOZKeT pa6OTaTb TOJIBKO OJJHa IIpOorpaMMa.

Cemadopsbl 00I1ero BHia MOT'YT IIPUHAMATD JIIOObIe HEOTPUIIATEIbHBIE 3HAUEHUS. DTO COOTBETCTBYET
CJIy9ar0, KOrJIa HECKOJIBKO MIPOIIECCOB MOTYT PabOTaTh C PECYPCOM OLHOBPEMEHHO, MJIN KOIJa PECYPC COCTOUT
13 HECKOJIbKUX HE3ABUCUMBIX, HO PABHOILIEHHBIX YacTeil — HallpuMep, HECKOJIBKO OJUHAKOBBIX IpUHTEPOB. [1pu
paboTte ¢ TakuMH ceMadopaMy TaCTO Pa3peIIaioT IPOIeccaM BEIUUTATE U J00ABISATE K (pJIaroBOi TepeMeHHOM

3HaYCHNUsI, OOJIBINIE €MHUIBI. DTO COOTBETCTBYET 3aXBaTy /OCBOOOXKICHUIO HECKOJIbKIX YacTell pecypca.

IIpu mocryre K HECKOJLKUM PA3IUIHBIM PECYPCAM C UCIOIH30BAHUEM CeMA(OPOB BOSHUKAET CIIEIIN-
buueckas npobiema, HazbiBaeMasi mepTBoil Guiokuposkoit (dead lock). Ha sroii npo6sieme crout ocrano-
BUTbLCH I0/IpOOHEE, TOTOMY UTO OHA BO3HUKAET U IIPU MHOTUX APYTUX METOJaX CHUHXPOHU3AINHU, HO B CJIydae

ceMadopoB ee Jierde 00bICHUTD.

PaccymoTpum 1B mporpamMMbl, UCHOIB3YIONIAE AOCTYI K ABYM PA3IMIHBIM pecypcaMm. Hampuwmep,
OJTMH TIPOTIECC KOMMPYyeT JaHHble cO cTpuMepa Ha KacceTy Exabyte, a npyroit — B o6parHom HampaBieHun.

Hocryn K crpumepy KoHTpoJinpyeTcs cemadopoM seml, a K Kaccere — cemadopoM sem2.

[TepBag nporpamma cuadasa 3akpbiBacT cemadop seml, 3arem sem2. Bropasa nporpaMma mocrymnaer
naobopot. [TosTomy, eciiu BTopas mporpamMMa IOJIyIUT yIIPABJICHIE U 3aIeJKHET Sem2 B IPOMEXKYTKE MEXK Ty
COOTBETCTBYIOIIUMHU OIEPAIUSIMHE [IEPBOI ITPOTPAMMBI, TO MBI ITOJIyIUM MEPTBYIO OJIOKUPOBKY — IIe€pBasi IIpo-
rpamMMa HUKOT/Ia He OCBOOOIMT seml, MOTOMY UTO CTOUT B OUYEPEIN y sem2, 3aHSITOr0 BTOPOIl IPOTrpaMMoii,
KOTOPas CTOUT B odepeu y seml, 3aHATOTO MepBoil. . . Bee ocTaibHble TPOrPaMMBbI, BITAIOIIHECS Oy IUTh
JIOCTYIl K CTPUMEPY MJIA KacceTe, TAKxKe OyJyT CTAHOBUTLCS B COOTBETCTBYIONIME OYEPEIH U KJATh, IOKA

AIMUHUCTPATOP He YObeT OHY M3 3aIle/IKHYBIIAXCSA TPOrPAMM.

DTa pobieMa MOYKeT ObITH PellieHa HECKOJIBKUME criocobamu. I1epBblit criocob — pa3peniuTs mporpamM-
M€ B KaXKJIblii MOMEHT BPEMEHH JIeP>KaTh 3aKPBITBIM TOJIBKO OJUH ceMadOop — MPOCT U perraeT npobsemMy B

KOpHE, HO 9aCTO OKa3bIBa€TCsdA HEIIPpUEMJICMbIM. Boitee npueMJIeMbIM OKa3bIBa€TCd COIVIallICHHE, 9YTO CeMaCbO-
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PBI BCErJia JIOJKHBI 3aKPBIBATHCS B OLPEJIEJIEHHOM MOPsiJIKE. DTOT MOPHAIOK MOXKET ObITH JIIOOBIM, BarXKHO
TOJIBKO YTOOBI OH Beerjia cobsonancs. Tperuiil, Hanbosiee paJInKaJIbHbI, BADHAHT COCTOUT B IPEIOCTABIIEC-
HUM BO3MOXKHOCTH O0BEINHUTH ceMaOpbl /Wi OlepaIii Haj HUME B Hepa3/iessieMble rpynnbl. [1pu srom
IIpOrpaMMa, MOXKET BBITIOJHUTH OMEPAINIO 3aKPbITUs ceMadopoB seml u sem2 equHON KOMAaHJIOM, BO BpeMs

UCIIOJIHEHUS] KOTOPOU HUKAaKasi JAPyras MporpaMMa He MOXKeT IOJIyIUTh JIOCTYI K 3TUM ceMadopaM.

Muorue OC 1pe1ocTaBIISIOT JJIst CHHXPOHU3ann ceMagopbl JIuiiKCTphl WK MOX0XKre Ha HUX MeXa-
HU3MBI.

Tak, nHanpumep, B cucremax RSX-11 u VMS 0CHOBHBIM CpejICTBOM CHHXPOHHM3AIUHU SABJISIIOTCS pjiarm coObI-
tuii (event flags). Ilponeccor u cucrema mMoryT ouninarh (clear) win B3BoguThb (set) stu duaru. arn Jaessrest
Ha JIOKaJbHBIE U TyiobasbHbe. JlokasmbHbIe dJIaru UCIoIb3yIOTCS JJIsi B3AUMOACHCTBUST MEXKTy IPOIECCOM U SJIPOM
CHCTeMBI, IJIODAJIbHBIE — MEXK Iy ITporieccamu. 1Iporece MoKeT OCTAaHOBUTHCS, OXKUJIasi yCTAHOBKY OIPEIEIEHHOTO (Jia-
ra, MOTOMY (DJIard BO MHOTHX CHTYAIIUSIX MOXKHO UCIIOJIB30BATh BMECTO IBOMIHBIX ceMadopoB. Kpome Toro, mporecc
MOXKeT CBA3aTh ¢ (rarom cobbitus npoueaypy-oopaborauk AST (Asynchronous System Trap — AcuuxponHO

[BBI3BIBAEMBII] crcTeMHBIH 00paboTunK). AST BO MHOIOM HAIIOMMHAIOT CUI'HAJIBI I AIIAPATHBIE IPEPLIBAHUSL.

B uacraocTu, diiaru coOBbITHI UCHOMB3YIOTCS JJIs CUHXPOHU3AIUHI TI0JB30BATEILCKON MPOrpaMMbl C aCHH-
XPOHHBIM UCIIOJHEHUEM 3aIPOCOB Ha BBOI/BBIBOJ. VICIOJHSS 3a1pOC, IPOrPAMMA 33JIaeT JIOKAJILHBIA (Jiar coObITHS.
3areM OHa MOXKET OCTAHOBHUTBLCS, OXKHUIAsi 9TOro dJiara, KOTOPbLIA OyJeT B3BeJEH MOCJe HCIOJHEHHUs 3ampoca. [lpu
9TOM MBI [IOJIyYaeM ICEeBJIOCUHXPOHHBIH BBOJI/BBIBOJI, HAIOMUHAIOIIMH CUHXPOHHBIE onepanun urenus/3ammcu B UNIX
u MS DOS. Ho nporpamma moxker u He ocranaBiauBarhcst! I[Ipu srom 3ampoc GyJeT UCHOIHATHCS HApPAJLIETBLHO C
WCTIIOJTHEHUEM CaMOM ITPOrpaMMBbl, U OHa OyJeT OMOBEINeHa O 3aBEPIIEHUN OIEPAIMA COOTBETCTBYIOIIEH POy POl

AST.

JI10601BITHO, YTO B 3TOM ciry4ae mporeaype AST He Hy»KHO yCTAHAB/IMBATH HUKAKUX (DJIATOBBIX IIEPEMEHHBIX,
a mporpaMMe He Hy>KHO IPOBEPATH MX — OHA MOYKET IIPOCTO MTOCMOTPeTh 3HadeHue diara cobbitust. [losTomy HEUUEro
ITOXOKero Ha MmpobJieMy B IIPOrpaMMe  MPOCTO HE BO3HUKAET.

AcuHXPOHHBII BBO/BBIBOJ, 4aCTO »KU3HEHHO HEOOXOIMM B IIPOrPAMMAax pPeasibHOIO BPEMEHH, HO ObIBAaeT II0-
JIe3eH U B Apyrux ciydasx. Hanpumep, peamuzosanunas C.KosasiesbiM nporpamma npocmorpa daitios s VAX/VMS
[IpU 3aIlyCKe CYUTHIBAET W (POPMATUPYET CTOJBKO JAHHBIX, YTOOBI 3AMOJHUTH IKPAH. 3aTeM OHA OXKUJIAET KOMAH/T
[TOJTB30BATENIA U OJJHOBPEMEHHO CUUTBHIBAET U (POPMATUPYET JaHHBIE HA HECKOJIHKO SKPAHOB Biepe. Kcim momb3oBa-
TeJIb TaeT KOMAHJY <«CJIEIYIONUI 9KPaH», TO IMOKA3BIBAIOTCA 3apaHee 0T(MOPMATHPOBAHHBIE JAHHBIE. 3a CUYET ITOrO
JOCTUATAETCS OBICTPBIA 3AIyCK W OYE€Hb MAJIOE BPEMs PEAKIMHA HA KOMAHIbI, TO €CTh OYeHb BBICOKAsl CYObEKTUBHAS

«CKOPOCTB>.

MoxkHO TOKa3aTh, YTO JIFOObIe TTPOOJIEMBI B3AaUMOIEHCTBUS U CHUHXPOHUAIMH IIPOIECCOB MOTYT — C
OOJIBITTUMY UJIN MEHBITAMHI TPYIHOCTIMU — OBITH PeIeHbl pu moMmoru cemadopos. Ha nmpakTuke TpysHOCTH
WHOT/A OKA3BIBAIOTCS HE TO, YTOOBI CIUIITKOM OOJBITIME, HO HexkemaTeabHbIME. [Toaromy 6osbmacTB0 OC
KpoMme ceMadOpOB MPEIOCTABIISIET U JAPYTUE CPEJCTBA CUHXPOHUBAIIIH.

Tax Harnpumep, cemadOpbl yIOOHBI IIPU CHHXPOHUBAIMK JIOCTYIIA K €IMHOMY PeCypCy, TAKOMY KakK
npuHTep. Ecam ke HaM HyXKHA CHHXPOHU3AIUS JOCTYIAa K PECYPCY, MMEIONEMY BHYTPEHHIOIO CTPYKTYDY,

TaKOMY Kak aiia ¢ 6a30i JaHHBIX, yI00HEee OKA3bIBAIOTCS JIPYyTHAe METOIbI.
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4.3.3 BJokupoBKa y4dacTkoB (aiijioB

Ecmu rooputs mmenno o daitiae ¢ 6a30if JaHHBIX, OKA3bIBACTCS YAO0OHO OJOKMPOBATH JOCTYI K yIACTKAM
daitna. IIpu sTom 11e;1ecoobpa3HO BBECTH ABa THUIA OJOKHPOBOK: HA YTEHME N HA 3aluCh. BIOKUpoBKa Ha
dTeHMe paspeniaeTr APYTrUM IIPOIeccaM YUTaTh U3 3abJIOKHPOBAHHOTO YUaCTKa U JayKe CTABUTH TYAa TaKyIo
2Ke OJIOKHPOBKY, HO 3allpelIaeT MUCATh B 9TOT yYAaCTOK M, TeM Oojiee, OJIOKMPOBATL €r0 Ha 3aIlNCh. DTUM
JIOCTUTAETCS YBEPEHHOCTH B TOM, UTO CTPYKTYPBI JaHHBLIX, CUNTHIBAEMBIE U3 3aXBAUEHHOIO yIaCTKa, HUKEM

He MOJAUMUITUPYIOTCH, TOITOMY TapAHTHUPOBAHA UX IEJOCTHOCTH U HEIIPOTUBOPEYUBOCTD.

B cBoto ouepesn, 6JIOKHPOBKA Ha 3allUCh 3allPEIaeT BCeM, KpoMe OJOKUPYIOIIEro Iporecca, JIoboi
JOCTYII K 3aD0J0KMPOBAHHOMY y4YacTKy aiiaa. DTo o3HAYAET, YTO JAHHLIA ydacTok Qaiina ceiiyac Oymger

MOJINUITIPOBATHCS, U IIEJTOCTHOCTD JTAHHBIX B HEM HE TapaHTHUPOBAHA.

Brokuposka yaacTkoB daiiyia B KaecTBe CPeJCTBA CHHXPOHU3AINN OBbLITa N3BECTHA €IIe C ITeCTUIe-
CATHIX TOJIOB, HO B TOM BHUJE, KOTOPBIH onucan B ctanmaprax ANSI u POSIX, ona 6bi1a peammsosana B OC
UNIX B mHagase 70-x. DTOT cTaHIAPT HOJJIEPKUBACTCS TPAKTUIECKH BCEMU COBPEMEHHBIMU MHOTOIIPOIIECC-

ueiMu OC u gaxe MS/DR DOS npu pa6ore B cern uiau 8 MS Windows.

B UNIX BosmoxkHBI JBa pexkuma OsioKkupoBku: goiryctumasi (advisory) u obsi3aresibHast
(mandatory). Kak ta, Tak u jpyrasi 6JIOKUPDOBKa MOKET ObITh OJIOKMPOBKOIi Ha uTeHne jubo Ha 3anuck. Jlo-
IIycTuMast 6J'[OKI/IpOBKa ABJIdETCA <<6.HOKI/IpOBKOI71 JJI 9eCTHBIX» ! OHa HE OKa3bIBaCT BJINAHUA Ha IIOJCUCTEMY
BBO/[a/ BBIBO/IA, IIO9TOMY IIPOrPAMMa, He IPOBEPSIONast OJIOKUPOBOK NJIM HIHOPUPYIOIIAS UX, CMOYKET IIHCAThH
WA YATATh U3 3a0JIOKMPOBAHHOIO y4acTKa 6e3 mpobieM. Obs3aTeibHast OJIOKHPOBKa TpedyeT OOIBINX Ha-
KJIQJIHBIX PACXOJIOB, HO 3ampernaeT (pusnmdecKuil mocTyn K aiily: 9TeHrne WId 3alIUCh, B 3aBUCUMOCTU OT

THUIa 6JOKUPOBK.

[Ipu pabore ¢ pazzgenseMbiMu CTpyKTypamu JaHHBIX B O3Y 0bLIO OBl yI00HO UMETh aHAJIOTHIHBIE
CpeJICTBa, HO UX Pean3alus BeJeT K OOJIBIITNM HAKJIAIHBIM PacXoJaM, JaxkKe Ha CHUCTEMaX C BUPTYAJbHON
IMaM4AThIO, TIO3TOMY HU OJ[HA W3 M3BECTHBIX aBTOPaM CHCTEM TaKWUX CPEJIICTB He IpeJocTaBiisgeT. Bupouew,
B coBpeMmeHHbIX Bepcusax cuctembl UNIX ecth BoZMO2KHOCTL 0TOOpazkaTh ailj HAa BUPTYAJIBHYIO IMaMATD.
Ucnonb3ys npu 3TOM JOIMyCTUMYIO OJIOKUPOBKY yIACTKOB (haiijia, IporpaMMbl MOT'YT CHHXPOHU30BATE JOCTYII

K HeMy (obGsi3aTesibHasi GJIOKUPOBKA JIEJIAET HEBO3MOYKHBIM OTOOPAsKEHHE HA MAMSITh ).

4.3.4 TapMoHMYECKH B3aMMO/IECTBYIOIIHNE ITOCJIE€J0BAaTEIbHBIE ITPOIECCHI

Paznensiembre cTpyKTYypbl JAHHBIX ABJISIOTCA PEIMETOM HEHABUCTU TEOPETHKOB U MCTOYHUKOM CEPbE3HBIX
omubOK IpU pa3paboTKe IporpaMm. JIerko mokasarb, 9TO KPUTUIECKHE CEKITUU MOXKET UMETh TOJIBKO IIPO-
rpaMma, paboTaroIas ¢ pa3aeIsseMbIMI CTPYKTYPAMU JAHHBIX. I 9TUMI KPUTUIECKUMU CEKITUSIMEU KaK pa3 u
SIBJISIIOTCST MECTa, TJIe IIPporpaMMa MOIuUIUPYET TaKue CTPYKTYPbI WK IIPOCTO obparmaercs K HuM. CHHXPO-
HU3aIWsl JTOCTYIIa K pa3jiessseMbIM CTPYKTYpPaM dacTO MPUBOAUT K yCJIOKHEHUIO ITPOTPAMMBI, & CTPEMJIEHNE

COKPaATUTh Y9IaCTKU UCKJ/IIOIUTE/ILHOI'O JOCTYIIa — K OIITOKAM.
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ZKeranne ycrpaHuTb 9TH IPOOJIEMBI IPUBEJIO B cBoe BpeMs JIUWKCTPY K KOHIIEIINN, U3BECTHON KakK

rapMoHnYecKu BBaHMOﬂeﬁCTByIOH[He mocJjieJoBaTeJIbHbI€ ITPOIIECCHI. Ira KOHIIEIIITA COCTOUT B CJIC-

Iy TOTIEM:

o Kazxprit mporiecc mpecTaBsieT coboit He3aBUCUMBIHM TPOIPAMMHBIN MOJIYJ/Ib, JIJIsT KOTOPOI'O CO3/IaeTCs

NJIJIIO3UA YUCTO IIOCJICIOBATEC/JIBHOT'O MCIIOJTHCHUA.
o Hpoueccm HE MMEIOT pa3aesIsdAeMbIX JaHHBIX.

e Bce 0OMeHBI JaHHBIMI, W BOOOIIE B3aMMOIEHCTBHUE, MPOUCXOASIT B BBIIEJIEHHBIX TOUKAX MIPOIECCoB. B
9TUX TOYKAX IIPOIECC, MIEPEIAIONINN JAHHbIE, OCTAHABIUBACTCS U YKJIET, ITI0Ka ero maprHep Oy/1eT roToB
9THU JaHHbIE MPUHITH. B HEKOTOPBIX PeaiM3allnsax IIPOIECC-IIEPeIaTINK MOXKET He OXKHUIATH IIphueMa,
a IPOCTO CKJIAJBIBATH IAHHBIE B CUCTEMHBIH Oydep. AHaIOrndHO, MpoIece, IPUHUMAOIINN JaHHBIE,
OXKUJIAET, II0Ka eMy IeperaayT JanHble. HbBIMI cIoBaMu, BCe TIepeIadn JAHHBIX HEPA3PHIBHO CBI3aHbI

C CUHXPOHU3AIAECH.

L4 CI/IHXpOHI/ISaL[I/IH, HE COITPOBOKTaroIadCd Hepeﬂa‘{eﬁ JAaHHBIX, IIPOCTO JIMIIIEHa CMBbIC/Ia — IIPOILECCHI, HE
nMermue pasaesdeMbIX CTPYKTYD JaHHBIX, COBEPHICHHO HE3aBUCHUMbI U HE€ MMEIOT HU KPUTUYICCKHUX

TOYEK, HU HepeeHTePaOeIbHBIX MOLYJIEH.

KOHHQHHHH TFapMOHHNYECKU BBaHMOﬂefICTByIOIHHX IIPOIECCOB OY€HbL IIpUBJIEKAaTEJIbHa C TEOpEeTHU4de-
CKOII TOYKHU 3peHud U IMO3BOJILAET JIETKO ITHCATh IIPpaBUJIbHBIC IIPOI'PaMMBbI. O,HHaKO qacCTo IIO COO6pa}KeHHHM
IIPOU3BOJIUTEJIbHOCTU OKa3bIBACTCA HEBO3MO2KHO OTKa3aTbCdA OT pa3,[L€JIHeMOfI naMsaTu. B 3ToMm cMmBbIciie pas3-
JesrdeMasd lIaMAThb HallOMUHaEeT IIpeJMeT HEHABUCTU CTPYKTYPHbBIX IIPOT'PAMMUCTOB — OII€EpaTOp gOtO. n TO, 1
Apyroe fBJjideTcd IoTeHIUuaJIbHBIM HCTOYHUKOM oImuboK U IIpO6JIel\47 HO 4acTo 0e3 HUX OKa3bIBAeTCs HeJIb3sl

0boTHUCE.

B coBpeMeHHBIX cHCTeMax peaam30BaH IEJBIH Pl CPEACTB, KOTOPBIE OCYIIECTBIAIOT MepeIady JTaH-
HBIX OJIHOBPEMEHHO ¢ CHHXPOHM3aImeil: mouToBble auuku (mailboxes) B cucremax s RSX-11 - VMS,
Tpy6nI (pipes)? B UNIX, pangeBy (rendesvous — ceujganne) B f3bike Ada, TpaHCIbIOTEpHBIE TUHKA 1 T.]I.

Omnu 6ymyT 06CyKIaThCsA B pasjese .

2B pycCKOSI3BIUHO# JINTEPATYPE MX 9ACTO HA3BIBAIOT IIPOIPAMMHBIME KAHAJIAM
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Mexk3a1agH0€e B3aTMOJIeiiCTBIE

5.1 Omnpeaenennsd

B npenpiiynux pasjesiax Mbl JOCTATOYHO CBOOOJHO MCIOJIB30BAJIN TEPMUHBI «IIPOrPAMMAay, <IIPOIECCy U

«3aJa4v9a». HpI/IIHJ'IO BpeMs, KOTJa Mbl BBIHY2K/ICHBI BBECTU OIIPEAC/ICHUA.

[TonsiTe mMporpaMMbl UHTYUTHBHO OYEBUIHO — 9TO HAHOP KOMAaHJ, KOTOPBIH MOXKHO 3arpy3uTb B
[MaMsTh U Ha KOTOPBIA MOXKHO II€PEJIaTh yIIpaBjeHre. JacTo nporpaMMoil Ha3bIBAIOT MEJIbHBIN 3arPy30THbII
Motyib. Jist cucrem tuna MS DOS mun UNIX Takoe ompeiesierne MoKeT 6bITH pa3yMHBIM, 1 B 9TOM CMBICJIE
MbI MoxKeM HazaTb MS DOS MHOTOTpOrpaMMHON CHCTEMON, HO JJIs CHCTEM C JIMHAMUYECKOH cOOpPKOil OHO

IIPOCTO HE MMeEeT CMBbICJIa.

[Iporece mpepcrasiisier cob6oil mporpamMMmy, KOTOpast UCIIOJIHIETCs ocaeA0BaTebHO. [Ipu sToM ee uc-
[TOJTHEHIE MOKET OBITH IIPEPBAHO Iepejadeil yIpapjeHus APYyroMy IPOIecCy, HO IOCe 9TOr0 OHO JIOJIZKHO
6bITH BO30OHOBJIEHO € TON TOYKH, rjie IpepBasock. B omepanmonubix cucremax OS/2 u Windows NT ompene-

JICHHOMY TaKuM 00pa30M MPOIECcCy COOTBeTCTBYeT moHsTre HUTHU (thread).

3ajsada mpejicraBiisier coboit coueTaHne TPOrpaMMBbl U JaHHBIX. [1pu 9TOM 3a/1a91 N30/ IMPOBAHBI APYT
ot apyra. Eciin mo3Bosisier armaparypa mIporeccopa, To 3a/1a9u 0OBITHO UMEIOT OT/IE/IbHBIE BUPTYaJIbHBIE a1
pecHble npocTpancTBa. OJIHAKO MBI MOXKEM TOBOPUTH O 3aJadax M Ha Mporeccopax 06e3 qucrerdepa MaMsiTH,
HAITPUMED, Ha TPAHCIBIOTEPE. TaM Bce 3aJ1a9u NMEIOT 00ITee BUPTYAIbHOE aIPECHOE TPOCTPAHCTBO, COBIIATa~
foree ¢ (PU3UIECKUM, HO U3-38 OCOOEHHOCTEH apXUTEKTYPhI IIPOIECCOPa U MHCTPYMEHTAIbHOIO sizbika, Occam

pa3aejieHue HaMAaTu MeXK/1y IIporeccaMun KpaﬁHe 3aTPYAHEHO U IPAKTUICCKU HE UCIIOJIb3YyETCAd.

Tounee rosops, 3aJa49n MOIYT pas3fesdaTh KOJ IPOrPaMMBI, HO KaxK/Iad 3ajada o0d3aHa UMeTb CO0-
CTBEHHYIO KOIIMIO JIOKAJIbHBIX (auto B Tepmmuax s3bika C) m crarmdecknx (static m extern) JIAHHBIX.
Boobmie-To 3a1a4n MOryT UMeTh pasjesiseMble JaHHbIC, HO TaKOe pas3iejeHIe OPraHU3yeTCs CHEeINaIbHBIMI

cpeacTBaMu.

[ToHsaTHO, YTO B paMKax OIHON 3aJadi MOYKET HCIIOJHSITbCSI HECKOJIBKO ImpolieccoB. C apyroi cTopo-

HbI, MO’KHO IIPUBECTH MPUMEP MHOT03aIa9HOM OJHOIPONECCHOH onepannonnoii cucremsl — MS Windows 3.x.

60
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Heiicreurensro, B MS Windows 3.1 B standard u enhanced pekumax KaxKjiast 3allyIlieHHas mporpamMma Gpop-
MUpPYeT OTJIEJbHYIO 33/1a9y CO CBOUM aJIpeCHbIM IpocTpancTBoM. OHAKO JIJIst 9TOH MPOrpaMMbl HE CO3JAeTCsl UJLIIIO-
30U [IOCJIEIOBATEILHOTO UCIOJIHEHUsI. HampoTus, mporpaMma mpejicTaBisier coboit Habop 00paboTIYNKOB COOBITHIH
— 00BEKTOB, 9aCTO MPEICTABJILAIONIAX COOON MTPOCThIe KOHedHbIe aBTOMATHI. C KaXKIbIM TAKIM OOBEKTOM CBA3aH COOT-
BETCTBYIOIINI MOIY/Ib IPOrpaMMbl. B moKyMeHTaImn Takoit MOIy/1b Ha3biBaeTcs: callback.

[To mMepe BO3HMKHOBEHUsI BHEITHUX COOBITHIl siIPO CUCTEMBI — MEHEA2KEP COOBITUII — BBI3BIBAET MX 00pa-
6orumkoB. [Ipu 3TOM Kazk1blit 06pabOTUNK BBI3BIBAETCS BIIOJIHE CHHXPOHHO, TO €CTh MEHEJXKED IepeaeT yIIpaB/IeHrne
¥ JKJIET, TIOKa TOT €r0 BO3BPATUT, KAK IPU OOBITHOM BBI3OBE IIPOIEILYPHI B MIOCJIEI0BATEIHLHOM mporpamme. [losromy,
B COOTBETCTBUU C HAIUMU ONpPEIe/IeHUsIMUA, MEHEKeD COObITHII BMecTe ¢ 00pabOTIYNKAMU SIBJISIETCS €IMHCTBEHHBIM
B CHCTEME I10CJIe/I0BATE/IbHBIN ITPOIECCOM, KOTOPbI HCIIOJIHSIETCS OMEPEMEHHO Pa3/InIHbIMU 3aa4damu. [logpobuee

apxurekTypa Windows oncana B 5.4.

Bo muorux onepanunonubsix cucremax, Hampumep B UNIX, mousitus 3ama4uu u nporecca mo4Tu COBIIa-
JIAIOT — C KayKJBIM TIPOIECCOM aCCOMUPOBAHO CBOE BUPTYAJBbHOE ajpecHoe mpocTpancTBo. HoBbiil mporiecc
dopMEpYyeTCsT CHCTEMHBIM BbI30BOM fork, KOTOPBIH Tak:ke (hOpMUpPYET W HOBOE BUPTYAJIbHOE aIPECHOE TTPO-
CTPAHCTBO.

Boobre, Bb30B fork siBisieTcs JOCTATOYHO JIFOOOMBITHONW KOHCTPYKIHEl. DTOT BBI30B CO3/AeT JIBEe 3aJIa4H,
KOTOPBIE B TEPBBIA MOMEHT IOJHOCTBHIO MAEHTUYHBI, Y HUX Pa3JIUYaETCS TOJHKO 3HAUEHUE, BO3BPAIEHHOE BBI30BOM

fork. Tunuunas nporpaMmMa, UCIOIB3YIONIAs ITOT BBI30B, BBHITVISINAT TaK:

Ilpumep 7

int pid; /* lperTndwkKaTOp HOPOXLEHHOTO Ipomecca */

switch(pid = fork())

{
case 0: /x [lopoxzmeHHHI mpomecc */
break;
case -1: /* Oummbra */
perror ("Cannot fork");
exit(1);
default: /* PomuTenbckuil mpomecc */
/* 3mech M MOXeM CChUIATHCS Ha IIOPOXLEHHHIE Ipomecc,
* HCIONb3ys 3HadeHume pid */
}

HpI/I 9TOM Ka)KILbII‘/JI U3 IIPOoIEeCcCOB UMeeT CBOIO KOIINIO BCEX JIOKAJIbHBIX U CTATHYICCKUX IIE€PEMEHHbIX. Ha Ipo-
neccopax Co CTpaHUYIHBbIM JUCIIETYEPOM IMTaMATU (1)H3I/I‘I6CKOFO KOIIMPOBaHUWs HE IIPOUCXO/IUT. Nznauanbuo oba IIponecca

WCITOTB3YIOT OJHU U T€ YK€ CTPAHUIIHI TAMSTH, & AYyOJUPYIOTCS TOJBKO T€ U3 HUX, KOTOPbIE ObLIN M3MEHEHBI.

HpI/I 9TOM, €CJIX MbI XOTUM 3allyCTUTH APYTYIO IPpOrpaMMy, TO MbI JTOJIZKHBI UCIIOJTHUTH CHACTEMHBIN BBI3OB U3 Ce-

MelicTBa exec. BBI30OBBI 9TOr0 ceMeiiCTBa Pa3InIaioTCs TOJIBKO CIIOCOOOM Iepeiadn mapaMeTpoB. Bee oHn mpekpamamoT
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HCIIOJIHEHHE TEKYIIEr0 TPOIECCa U CO3/IAI0T HOBbIH MIPOIECC /38189y ¢ HOBBIM BUPTYAJIbHBIM &JIPECHBIM IIPOCTPAHCTBOM,
HO ¢ TeM 2Ke ujeHTuduKaTopom mporecca. [Ipu 3Tom y HOBOro mporiecca 6yJIeT TOT Ke MPUOPUTET, OYIYT OTKPBITHI T
ke (ailyibl (3TO YACTO UCIOIB3YETCsl ), U OH YHACIELYET Pl IPYIUX BAXKHBIX XaPAKTEPUCTUK, II0ITOMY 9aCTO MOBOPSIT,
Iake B JIOKYMEHTAIIUU, ITO 9TO TOT Ke caMblil mporecc. Bo BesikoM citydae, mocie exec (OPMHUPYETCS COBEPITIEHHO

HoBas 3anaa4a. [losromy 3amyck apyroit nporpammsl B UNIX BeIIsiauT npumepHo Tak:

IIpumep 8

int pid; /* UmeETudwKaTOp NOPOXLEHHOTO Hpouecca */

switch(pid = fork())
{
case 0: /* lopoxzmeHHHN mpoumecc */
dup2(1, open("ls.log", O_WRONLY | O_CREAT));
/* llepeHampaBUTEL OTKPHTHI daiin #1

* (stdout) B ¢aiin ls.log */

execl("/bin/sh", "Sh", "—C", "1S", "—1", 0)’

/* Coma ME IomazaeM TONBKO Hpu ommbre! */
/* fall through */
case -1: /x Oumbra */
perror ("Cannot fork or exec");
exit(1);
default: /* PogpumTenbCKuil mpomecc */
/* 3mech Mb MOXEM CCHUIATHCH Ha IIOPOXTEHHbIHN

* IIpOIlecC, HCHONb3ysd 3HadeHue pid */

[IporpaMma B puMmepe 8 3alyckaeT KOMaHJHBIA nHTepnperaTop /bin/sh, nssectuniii kak Bourne shell, npu-

Ka3bIBaeT eMy HCIIOJHUTH KOMAHIy 1s -1 u mepeHampaB/iseT CTaHIAPTHBIN BBIBOJ, ITOI KOMaHbl B daiin 1s.log.

Texnuka mporpaMMupoBaHusi, OCHOBaHHas Ha fork/exec, HECKOJBKO MEHEe KPACHBA, YeM IIPUHSITAs B COBPe-
MEHHBIX CHCTEMAaX PeaIbHOrO BpEMEHU WK B si3bike Ada, rjie HOBBIIl IPOIIECC UCIIOIHSIET CBOIO TIPOTPAMMY, a He Ty ¥Ke
caMmyIo, 94To u poguresabckuit. Kpome Toro, Ha cucremax 6e3 gucnerdepa namatu fork TpebyeT KOIUPOBAHUS aIPECHBIX

IIPOCTPAHCTB, YTO IIPUBOJIUT K OOJILIIIIM HaKJIaJHBIM PacCXO/aM, Ja 1 IIPOCTO HE BCerJa BO3MOXKHO.

Hawnbostee ipocThiM apryMeHTOM B TIOB3Y fork siBseTCs TO, IYTO Ha OCHOBe fork JIOCTATOYHO JIETKO MOXKHO
CMOJIEJINPOBATH OIUCAHHYIO BbIlle GyHKIMIO processCreate (void (xprocessBody) ()), a Ha ocHoBe processCreate
cMmomempoBaTh fork Hemb3s. Takoit apryMeHT 3ByIUT He OU€Hb CEPhE3HO, TIOKA MBI He BCIOMHUM, ITO HA OCHOBE JTOi
TEXHUKHU HAIMCAHO JIOBOJBLHO MHOTO IMPOCTBIX M YAOOHBIX MPUKJIAMHBIX W CHCTEMHBIX IIPOIDAMM, HAIIPUMED, TOT K€

Bourne shell. TTostomy dbyuknus fork suecena B crangapt POSIX u, BooOIre, oXpaHseTcsa 3aKOHOM U TPaUIAIMA.

Bostee Bakmasi mpumymHa, KOTOpasi, MO-BUIUMOMY, U 3aCTaBHUJIa OTIOB-OCHOBaTeselr Unix ocTaHOBUTHCH HA

fork/exec BMmecTO processCreate — 3TO... KOJMYECTBO ITapaMeTPOB HIPOIEIyphl processCreate, KOTOPOe MOIJIO
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OBl OKa3aTbCd HEOOXOAUMBIM. JleficTBUTEIbHO, B IIPOMEKYTKE MEXKJLY BbI3oBaMu fork u exec POIUTENHBCKAS IIPOrPaM-
Ma, MOKET HACTPOUTH MHOTHE CBOHCTBA MOPOXKaeMoil 3ajaun. KaxKioMy n3 HaCTpanBaeMbIX TAaKUM 00pa30M CBOHCTB
COOTBETCTBYET IIapaMeTp IKBUBaJeHTHOU (yHKInN processCreate. /laBaiiTe mocMoTpuM Ha CIIMCOK HACTPAMBAEMBIX

CBOICTB:

e OrkpoiToie daiisl. [Ipn ucrosmnennu cucteMHOro BbI30Ba fork, MOPOKIEHHBIIN IPOTIECC HACIEYET BCE JIECKPHUTI-
TOpBI HailioB, OTKPBITHIX pojuTeseM. [Ipu BbI30Be exec COXPAHAIOTCS BCE JIECKPHUIITOPHI (DAflIoB, ¥ KOTOPBIX

ue ObL1 yecranosieH dyar CLOSE_ON_EXEC. Ilo ymosmuanuro, 9T0T dJiar He yCTAHABINBAETCS.

Iepenasnadenue nepsbix Tpex daiioBbix geckpuntopos ( 0 - stdin, 1 - stdout, 2 - stderr) mupoko wuc-
[OJIb3yeTCsl KOMAHAHBIMU Iporieccopamu Unix u Apyrumu mporpaMMaMu Jjist llepeHa3sHadeHusl BBOJA/BBIBOIA U

00beIMHEHNs IIPOIIECCOB B KOHBEHEPHI.

Hacnenosanne ocrajbHBIX [IECKPUNITOPOB UCIOJIb3YETCA pPeXKe, HO TAaKHMe MPOrPAMMbl MU3BECTHBI — HAIIPUMED,

gemon HTTP Bepcun Netscape.

L] praBHHIOHLHﬁ TepMHUHaJ 1 I/I,ILBHTI/Id)I/IKaTOpI)I cecCruu U Ipynibl IPOMECCOB. Muorue KOMaHJIHbIEC IIPOIECCOPBI

HCIIOJIB3YIOT 9TU UACHTU(DUKATOPDI I YIPABICHUN 33 IaHUSIMU.

e Cpezna (environment) — crumcok TeKCToBbIX cTpoK dopmara NAME=VALUE. ITporpamma MOXKeT HOJIy4duTh 3Ha-
JeHUe IePeMeHHOI ¢ 3aJaHHBIM UMEHEM IIPSIMBIM IIOMCKOM B 9TOM CIIMCKE WJIH BBI30BOM OMOIMOTETHON hyHKIIUN
getenv. HexoTopble U3 mepeMeHHBIX Cpebl OKa3bIBAIOT BJINAHNE HA IOBEAEHNE BCEX IIPOrpaMM; HAIIpUMep, IIe-
pemennas TERM obo3HagaeT TUI UCIOJIH3YEMOT0 TEPMUHAJIA, U UCIIOJIb3YETCsI MHOTHMU ITPOTPAMMAMU, OCOOEHHO
SKPAHHBIME PEJAKTOPAMHU, [/l HACTPOMKHU HA 9TOT TepMuHAJ. Jpyrue nepeMeHHbIe OKA3bIBAIOT BJIUAHUAE TOJIb-
KO Ha HEKOTOPBIe IIPOrpaMMBbl: TaK, HalpuMep, ItepeMeHHast LIBPATH yka3bsIiBaeT peJakTopy CBsa3eil 1d, B KaKux

JMPEKTOPUSIX MCKATH OOBbEKTHBIE OUOIMOTEKN.
Hosnwzosaresu MS/DR DOS u OS/2 n0/iKHbI GBITH 3HAKOMBI C IIEPEMEHHBIMU CPEJIbI.

ITo ymosrganuto, Bce miepeMeHHbIe CPebl POIUTEIbCKOM 3a1a1U HAC/IELYIOTCsI TOPOXK IeHHOi. OTHAKO CyIIecTBYy-
0T JiBa CIOCODa, KOTOPBIM POJUTETh MOXKET W3MEHUTb Cpeiy HOBOI 3aja4dn. Bo-TepBbIX, HEKOTOPBIE (hOPMBI
BBI30Ba eXec IMOJIyYJaloT B KadecTBe mapaMeTpa HOBBIHM CIIMCOK MEPEMEHHBIX CPEIbl. BO-BTOPDIX, MOPOK ICHHBIH
IIPOIIECC TIePE]T BBI30BOM €XeC MOXKET CJIeJIaTh OJUH MJIA HECKOJIbKO BBI30BOB (DYHKINU putenv, WMId MOIH-
durmpoBaTh cBOW0O cpeiy «BpyuHy". [Ipr 3TOM BCe M3MEHEHUsI ABTOMATUYECKU YHACJELYIOTCS TOPOXKICHHON

3ajiageil, a cpejga poaUTEIbLCKONA 3a/1a4i He U3MEHUTCH.

e CurnayibHast Macka. 3aJla9da MOXKET UTHOPHUPOBATDH OTJEIbHBbIE CUTHAJIBI, 38/IePyKUBATH UX 00pabOTKY WM yCTa-
HaBJUBaTh QYHKINO-00paboTunK. Onepanun MTHOPUPOBAHUSI U 331€PKKU OIIPEIEJIAIOTCA CUTHAIBHON MACKO.
IIpu fork curHa/ibHasi Macka 1 0OPADOTUYMKY HACJIELYIOTCS; DA €XeC CUTHAJbHAs MaCcKa HACJIEIyeTCs, a 0bpa-

OOTINKN COPACHIBAIOTCS: BEIb B apPECHOM IIPOCTPAHCTBE HOBOU 3aa4N yKe He OyIeT Koaa 00pabOTINKOB.
e Tekymas TUPEKTOPHUSI.

e Macka npas mocryma umask. [Ipasa mocryna k daitmam B Unix 3aar0Tcs 1eBATHONTOBON MAaCKO: ITpaBa YTEHUS,
3aliCA W WCIOJHEHUsI NI X03duHa (ailja, TPYINBl M BCeX OCTAJIbHBIX. [Ipm cozmammm daiina mporpamma
3aJ1aeT IpaBa JOCTyIa K HeMy. 3aJ/l[aHHasi MacKa IpaB obbenuHsieTcst jorndeckuM U ¢ obpalieHHbIM 3HaYeHrneM
umask. DTa, Ha [IEPBBIN B3IVIsI] HEMHOI'O CTPaHHAsI, IPOIELypPa MPEJ0CTABIISIET OTHOCUTEBHO YIOOHBI CII0co0

yupapJieHud ImpaBaMW JOCTyIIa K BHOBb CO3/JaBa€MbIM cbaﬁnaM.
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ODTH mapaMeTpbl U3MEHSIOTCS [MOYTH IPU KaxKioM BbidoBe fork/exec. Ilapamerpsl, mepeduciieHHbIE HIXKE,
U3MEHSIOT He TaK JacTO, HO OHU OKAa3bIBAIOT CePbe3HOe BO3/eiiCTBUE HA UCIIOJIHEHNE IIOPOK/IeHHON 3a/1a4H, U HEPEJIKO

ObIBaeT HE0OX0JUMO HACTPOUTD UX.

e Ilpuopurer mporecca.

e Kopnesas mupekropusi. OOLIYHO OHA COBIIAJAET C KOPHEBOM aupekTopueil daitoBoit cucrembl, HO Unix mos-
BOJISIET MIEPEMECTUTHh KOPHEBYIO JUPEKTOPUIO TeKymeil 3amaquu. Torna 3amada OymerT BUIETh TOJBKO MOIIEPEBO
00IIIero J1epeBa IUPEKTOPUi. DTO YaCTO UCIOJIb3YETC IPU CO3JAHUU «IOCTEBBIX"BXOIOB B CHUCTEMY C CHJILHO

OI'PaHUYE€HHBIMU ITPpaBaMM.

e ulimit — MakcUMaJIbHAsI JJTHHA (paiijia, KOTOPBI MOXKET OBITH CO3/IaH 3aadeil. DTOT mapameTp ObIBAET MOJIe3eH

opu oTJIagKe.

e Psi npyrux orpaHUYnATe/IbHBIX IAPAMETPOB, HAIIPUMED MAKCUMAJIbHBIN Pa3Mep a/IpeCHOr0 IPOCTPAHCTBA HOBOM

3aJ1a9n.

Urak, Mbr ostyaniin OoJiee AecaTr IapaMeTpoB, KOTOPBIE CIIEI0BAJIO ObI epenaTh GyHKnn processCreate,
He CYMTasl UMEHH 3allyCKaeMOil IporpaMMbl M IIO3UIUOHHBIX aprymMeHToB (argc/argv). HeoOxoaumMo Takke ydecTb,
YTO MHOTHE apTyMEHTBI IIPEJICTABJISIIOT COOOM HE CKAJISIPHBIC 3HAYEHUS, 8 MACCUBBI, KAXKIbIA 9JIEMEHT KOTOPBIX TaKXKe

HYy2KJIaeTCd B HACTPOHKe.
B cBete ckazannoro npeumymiectso fork/exec mepes processCreate IpeCTABISAETCH OYE€BHIHBIM.

B coorBercTBUM ¢ HammMM olipeaeJieHueM, KazKJ/lad 3aJada nuMeeT COOCTBEHHBIN cermenT JaHHBIX.

HO3TOMy Il OpraHu3aliun B3aHMO,ZLeﬁCTBHH MeK/1y 3aJda9aMn HeO6XO,HI/IMI)I OTAeJIbHbIE CPEJICTBAa.

5.2 Paznensemada naMsaThb

CaMBIM TIPOCTBIM M3 TAKUX CPEICTB MOXKET OBITh OpPTaHW3alldsl CEeTMEHTa MMaMSTH, Pa3e/iseMOro MeXKLy
3ajadamu. B cucremax ¢ BUpTyaabHON HAMATHIO TAKON CErMEHT OPraHu3yeTcs IIPOCTO — MbI 0TOOpaYKaeM OJIHHI
U Te ke (pusnvecKue CTPAHUILI Ha aIPECHBIC IIPOCTPAHCTBA PA3JIMIHBIX 33189 — U ITOJIyYIaeM Pa3JieiseMblil

CerMeHT.

CaMoe MHTEpeCHOE COCTOUT B TOM, YTO MOXKHO OPraHM30BATh PAa3JesdeMyio [MaMsTh U JJIs 3a7ad,
UCTIOJTHSTIONINXCST HA PA3/INIHBIX MarmuHaX. [ 3Toro Heobxomanm 610K IBYXTIOPTOBOM MAMSTH, TOMKTIOUEH-
HBI K CHCTEMHBIM IITHAM 00enx MaIluH. Takoe perrente 9acTo NCIOMb3YeTCsI B MHOTOTPOIIECCOPHBIX CUCTE-
Max, 0OCOOEHHO KOIJIa HaM HY?KHO OPraHH30BaTh OBICTPBI 00MeH OOIbIMUME (JIeCITKHA Merabaiir) obbemamu
nanubiX. Hanpumep, 1mo Takoii cxeme opraHm3oBaH OOMEH MeKJLy OCHOBHBIM(H) IIPOIECCOPAME U BHJIEOIPO-

reccopoM B rpadudeckux cranmuax Silicon Graphics.

MokHO cO3/maTh pa3Ie/IaeMy0 MeXK Iy MAIlMHAMA [IaMsITh U B TOM CJIy9ae, €CJIH MAIUHbl HE TMEIOT
dusngeckoit obmreit mamsaTu. st 9Toro HeOOXOINMO MCIIOIB30BATH AUCIETYED MaMsITH. PeaJn3arust OTHOCH-

TEJILHO IIPpOCTa: AUCIIETYED ITaMATH OTCJ/IC2KUBACT BCE 3allMCH B «paS,ﬂeHHeMbIﬁ» CerMeHT, a 3aTeM CHCTEMBbI
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TeM WJIM UHBIM CIIOCOOOM O0ECIIeYnBaIOT CHUHXPOHU3AIIUIO COAECPXKMMOT'O USMEHEHHbBIX CEIMEHTOB. Bega TOJIBKO

B TOM, 9TO 3TOT METO Tpe6yeT OTHOCUTEJILHO OOJIBIINX HaKJIaJHBIX PaCXOI0B.

TeopeTuku He OYeHDb JIOOAT pa3iecHUEe MaMATHU, IIOTOMY YTO OHO BJI€YET 3a CODOI Bce MPOD/IEMBI,
MIEPEYUUC/ICHHBIC B MPEABIAYIINEM pasjesie: HeOOXOMUMMOCTb CUHXPOHUBAINN, KPUTHIECKUEe ceKnuu u T.7. Ha
MPaKTUKE, OJHAKO, OHO YACTO OKA3bIBAETCs HEOOXOIMMBIM, TaK KaK O0ECIeYMBaeT HAMOOJIBIIYIO0 CKOPOCTH
obmMeHa TaHHBIME — 10 COTHU MerabaiiT B CEKYH/TY /sl COBPEMEHHBIX KOMIILIOTEPOB. TeM He MeHee, UCIOIb3Ys
pazIesieMyIo IaMaTh, MbI JIOJI?KHBI TAK2KE UCIIOJIb30BATE )i CHHXPOHU3AINN KaKue-Iudo JIpyrue CpeicTBa.

B 0S/2, Windows NT u cucremax tuna VxVorks 1arie Bcero ucrosb3yrorces: ceMadopsl.

5.3 CpeacrTBa ajiss TAPMOHUYIECKOTO MEXKITPOIIECCHOTO B3aMMO/IeiCTBUS

Psn cucrem mpesioctaBiser 60j1ee IPOCTHIE B MCIIOJIB30BAHUN CPEJICTBA, IIPEIOCTABJISAIONINE OOMEH JTAHHBIX
OJIHOBPEMEHHO ¢ cuHXpoHm3armeit. QM n3 HanboJiee TUIHIHBIX CPEJICTB TAKOTO POJia siBJIeTCsi TPpyGa
(pipe) uiu mporpamMMHBIA KaHAJI — OCHOBHOE CPEJICTBO B3anMojeiicTBusi Mex iy nporeccamu B OC cemeii-

crBa Unix.

5.3.1 Tpy6wr (mporpaMHble KaHAJIbI)

Tpyba mpescrasisier coboit moTok OaiiToB. C OJHOrO KOHIA B 9TOT IIOTOK MOXKHO 3AIMCHIBATH JAHHBIE, U3
JIPYTOTo — CYUTHIBATH. IIporiece, KOTOPBIH IbITAETCS CINTATH JAHHBIE U3 IIYCTOH TPyObI, OyIeT 3a/iepKaH, Ho-
Ka TaM He TOsSBsATCs Januble. HanpoTus, NuImymumii mporecc MOXKeT 3aiucarh B TPyOy HEKOTOPOE KOJIMIECTBO
JIAHHBIX, [IPEXKJIe YeM TPyDa 3alloJTHUTCSA U JaJbHeas 3amuch oyaeT 3abjiokupoBana. Ha npakruke Tpyba
peasim3oBaHa B Buje HEGOJIBIIOrO (HECKOIBKO KIobaiiT) Kosbiesoro oydepa. [Tunrymuii nporecc samostser

3roT Oydep, MoKa TaM ecTb MeCTO. UUTANUil TPOIECC CINTHIBAET JaHHbIe, TOKa Oydep He oIycTeer.

Yuraromnuit mporecc MOXKeT TPOBEPUTH HAJTMYINE JaHHBIX B TPYOe U MPEANPUHITh KAKHe-TO JIefiCTBUS

B ciy4ae ux orcyrcrBud. [lummyruii nporecc Takzke MOYXKeT IIPOBEPAThL TPYOy Ha IeperoJIHeHue.

[To-Buumomy, TpyOBI SBJISIFOTCS OJHON W3 MEPBBIX TEXHWK, PEAJTU3YIONUX MAPMOHUYIECKU B3AUMO-
JieiicTBYIOIHe Tpotiecchl 1o uitkcTpe.

CaMbIM MHTEPECHBIM CBOMCTBOM TPYOBI SIBJISETCS TO, YTO UTEHHE JIAHHBIX U3 TPYObI U 3allUCh B Hee
OCYTIIECTBIISIETCST TEMU K€ CAMBIME CHCTEMHBIMH BbI3oBaMu read U write, 9To u paboTa ¢ OOBITHBIM (haitioMm
WA BHEITHUM YCTPONCTBOM THIA TepMuHaga. Ha 9TOM OCHOBaHa TeXHWKa MepeHa3HAYEHUsI BBOMA-BBIBOJIA,
MIXPOKO HCIIOJIb3yeMasi B KoMauubix uHTeprperaropax UNIX. DTa Texnuka cocrouT B TOM, YTO OOJIBITHH-
CTBO CHCTEMHBIX YTUJIUT HOJIy9aioT JaHHbIE M3 MOTOKA CTAHIAAPTHOrO BBOjA (Stdin) M BBIAAIOT UX B MOTOK
cTaHIapTHOrO BbIBOja (stdout). ITpum sTOM, 1OICOBBIBAst B KadeCTBE ITUX [TOTOKOB TEPMUHAJBHOE YCTPOii-
cTBO, daita uin TpyOy, MBI MOYKEM HUCIOIH30BaTh B KAYeCTBE BBOJA, COOTBETCTBEHHO: TEKCT, HAOUPAEMBIH ¢
KJIABUATYPBI, COMEPKUMOe haiiyia WM CTAHJAPTHBIN BBIBOM, JPYTOH MPOrpaMMbl. AHAOTHYIHO MBI MOYKEM

BBIJIABATD JIAHHBIE CPa3y Ha 9KpaH, B ailyl uWin mepeiaBaTh UX Ha BXOJ, JAPYTroOil TPOrPAMMBI.
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Tak, nanpumep, kommuasaTop GNU C cocronT u3 Tpex OCHOBHBIX ITPOXOJIOB: MPEIPOIIECCOPa, COOCTBEHHO KOM-
MMUAJISITOPA, TEHEPUPYIOIIEro TEKCT Ha acceMbiiepe, u accembiepa. [Ipu 3ToM BHYTpH KOMIIHISITOpA, HA CAMOM JIeJie,
TAKKe BBIIOJIHAETCS HECKOJIbKO IIPOXOZOB II0 TEKCTY (B OIUCAHUY II€PEYKCIEHO BOCEMHAMIATH), B OCHOBHOM JJIst
ONTUMU3AINNA, HO HAC 9TO B JAHHBIAH MOMEHT HE WHTEPECYeT, MOCKOJbKY BCE OHU BBIMOJHAIOTCS BHYTPH OJIHON 33718~
au. [Ipu 3TOM Bce Tpm 3ama9u 0OBEIUHAIOTCS TPyOaMu B €IMHYIO JUHWIO OOpabOTKH BXOJHOIO TEKCTa — KOHBeliep

(pipeline). IIpu sroMm Jiro6as U3 IpoOrpamMM MOXKeT TakzKe Oparb BXOJHBbIE JaHHbIE u3 daiia.

TpyOsl MIIPOKO UCIIOTB3YIOTCS crucTeMaMu ceMeiicTBa Unix m onn BHecenbl B crapgapt POSIX. Psin
OIIEPAIIMOHHBIX CUCTEM, He BXomammx B cemeiictBo Unix, manmpumep VxWorks, Takzke mpegocTaBisiorT 3TOT

CepBHC.

Cucrema VMS mpeocTaBisieT cpejicTBa, OTYACTH aHAJOTUIHBIE TPyOaM, Ha3bIBAEMBIE T0UMOGHLE
awuky (mailbox). TlouToBblil AIUK TakKe OpejcTaBiseT coboil KoybleBoil 6ydep, 10CTyIl K KOTOPOMY OCY-
MECTBJISIETCS] TEMHU YK€ CUCTEMHBIMU BBI30BaAMU, YTO M paboTa ¢ BHENTHUM ycTpoiictBoM. CrucreMHast GubIHO-
Teka sizbika VAX C HCIOB3yeT MOYTOBBIE SIUKHU JIJIsT Peain3anu Tpyo, B ocHOBHOM coBMecTuMbie ¢ UNIX
u craugaprom POSIX.

B cucreme UNIX 1tpyba cosmaercss cucremHbiM BbI30BOM pipe(int fildes[2]). DrTor BBI30B co3maeT TPyOy
7 TIOMEIIAET JEeCKPUITOPHI (halljloB, COOTBETCTBYIOINE BXOJHOMY W BBIXOJHOMY KOHIaM TPyObl, B maccuB fildes.
3areM MBI MOXKEM BBIOJIHATH fork, B Pa3jIMIHBIX IPOIECCaX MEPEHA3HAYUTH COOTBETCTBYIOINIME KOHIBI TPYObI Ha
MecTo stdin m stdout u 3amycTuTh TpedyeMmble HPOrpaMMbl. IIpy 3TOM MBI MOJYyYUM THUIIMYHBIN KOHBEEp — JiBe

3aJ1a9M, CTAHIAPTHBIA BBOJ M BBIBOJ KOTOPBIX COEIMHEHBI TPYOOIi.

MO2KHO IOHSITH, YTO TaKue TPYOBI MOXKHO HCIIOJIb30BATh TOJIBKO JjIsl CBSI3M POJCTBEHHBIX 3aJa4, T.e. TaKuX,
KOTOPBIE CBSI3aHBI OTHOIIIEHUEM POIUTE/b-IIOTOMOK VI SIBJISTFOTCS IMTOTOMKAME OJIHOT'O ITPOIECCA.

s cBA3M MeXKJly HEPOJICTBEHHBIMH 3a/1a9aMU UCIIOJIB3YeTCs JPYyroe CPeiCTBO — MMEHOBAHHBIE TPYObI
(named pipes) B System V u UNIX domain sockets 8 BSD UNIX. B pasubix cucremax uMeHOBaHHBIE TPYObI
COBAIOTCS PA3IUIHBIMUA CHCTEMHBIMU BBI30BAMH, HO OYEHb MOXO0XKU 1o cBoiicTBaM. [Tosromy cranmapr POSIX mpes-
JlaraeT JiIsi CO3/IAHMs MMEHOBAHHBIX TPYO Ombsmoreunyio dynkiuio mkfifo(const char * name, mode_t flags);.
Dta DYHKIUS CO3AET CrieuaabHbiil dain. OTKpbIBas Takoil daiis, mporpaMMa moJaydaeT JTOCTYIl K OJHOMY K3 KOH-
0B Tpy6n1. Koraa /1Be mporpaMMbl OTKPOIOT UMEHOBAHHYIO TPYOY, OHI CMOTYT UCIIOJIF30BATH €€ /It OOMeHa TaHHBIMI

TOYHO TaK XK€, KAK U OOBITHYIO.

5.3.2 JIuukm

B rpancnboTepax MEKpOIporpaMMHO peasn3oBad JUHKH (links — ¢Bsi3b): MexaHu3M, OT9ACTH TOXOXKUIT HA

TPyOBbI.

Jluaku OBIBAIOT ABYX THUIOB — (pu3mdeckne u Jjiormdeckue. Omepalnun HaJ, JUHKAMA 00OMX THIIOB

OCYIIIECTBJIAIOTCA OJHUMU U TEMU 2K€ KOMaHIaMH.

OusnyuecKnii JIMHK IIPEICcTaBsgeT coboii mociaenoBaTeabublii nuTepdeiic RS432, peam3oBaHHbBI Ha

Kpucrajiie mnporeccopa. C JIMHKOM TakKe aCCOIMUPOBAHO OJIHO CJIOBO IAMSITU, CMBICJI KOTOPOro Oyier 00b-
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ACHEH HUZKE.

CoBpeMeHHbIE TPaHCIIbIOTEPhI UMEIOT YeThipe (PU3NIECKUX JUHKA. PU3ndecKre JUHKKA MOI'YT Iepe-
JaBaTh JaHHBIE CO CKOPOoCThIo /10 20 Mbaud u MOTryT MCIOIB30BATHCSA KakK JJISI COEIMHEHNSI TPAHCIIBIOTEPOB
MexX 1y coboil, Tak U JJIsT TMTOAKJIFOUEHNsI BHEITHUX yCeTpoiticTs. [loaToMmy dusndeckunit IMHK MOXKET UCIOJIH30-
BaTbCA KaK JIJIsI CBSI3M MEXKJIy IPOoIleccaMy Ha PA3HBIX TPAHCIBIOTEPAX, TAK U JIJIs CHHXPOHU3AIINHI IIPOIECCa

C BHEITHUMU COOBITUSIMU, U JIAZKE IIPOCTO JjIsl BBOJIA/ BBIBOJIA.

Jlormueckuit JIMHK — 9TO MPOCTO CTPYKTYPA JIAHHBIX, BbljIeJIeHHAS B (DU3MIECKOM aIPECHOM IIPOCTPAH-
ctBe mporieccopa. C TOUYKM 3peHUsi MPOrpaMMbl (PU3NIECKUN U JIOTUYIECKUIl JIMHKA HUYEM HE OTJIUYAIOTCH,
KpOME TOT'O, UTO OIucaTe b (PU3MIECKOro JIMHKA IPUBA3AH K ONpEIeJeHHOMY (u3ndeckoMy ajpecy. Jloru-
YeCKHUI JIMHK MOKET HCIIOJIb30BATHCS TOJIBKO JIJI CBSI3M MEKJIY IPOIleCCaMM, UCHOIHAIONUMUCS Ha OJHOM

TPaHCIIbIOTEPE.

Tpancusrorep T9000 mpemocTaBisieT Tak»Ke BUPTYaJIbHBbIE JIUHKH — IIPOTOKOJI, MO3BOJISIONIAI JTBYM
TpaHCIBIOTEPAM OPraHN30BATH HECKOJIBKO JIMHIM B3anMOIeHCTBIASA Uepe3 OanH (DU3HIECKNil JIMHK, WA JaXKe

qepes IMEeM0YKy MapIIPyTU3aTOPOB.

Kak y»ke roBOpHJIOCH, MPOLECCHI B3aUMOJIEHCTBYIOT depe3 (pu3mdecKue, JOTHIeCKue U BUPTYAJIbHbIE JTHHKH
COBEPIIIEHHO OJHHAKOBO. 1109TOMY MBI MOXKeM OTJIAAHTH HapaJIIeJbHYI0 HPOrpaMMy B OJHOIIPOIECCOPHO
crucremMe, a MOTOM 3aIlyCTHTH ee B runepkybe u3 64K TpaHcobioTepoB — H OHA OyJeT BecTH ceOsT TOTHO TaKKe,

TOJIbKO HadHeT paborarsh B 64K pasz 6picTpee.

[Tpu mepenade MaHHBIX B JIUHK, IIPOIECC JOJZKEH HUCIIOJHATH KOMAHIY out. DTa KOMaHIa UMEET TPHU
olepaH/a; aJpec JIMHKA, aJIpeCc MACCHUBa, JaHHBIX U KOJUYECTBO JaHHBIX. [ljis mepenadu orepaHioOB HCIOJIb-
3yeTcsd PEruCTPOBBIN CTEK MpoIleccopa, HO 9TO HecylmecTBeHHO. [Iportecc, MCIOTHUBIUN TaKylo KOMAaHLY,

3aJIepKUBAETCS JI0 TeX HOp, MOKA BCe JAHHbIE He OYIYT IepPe/IaHbl.

AHaﬂOFI/I‘{HO, opu nmpueMe JaHHbIX U3 JIMHKa, ITPOIeCC J0JI2KEeH NCIIOJITHUTHL KOMaH1y in. STa KOMaHIJa
TaK2Ke MUMeeT TPHU OmepaHIa — ajpec JUHKA, aapec Oydepa, Kyaa HeoOX0INMO TOMECTUTD JAHHBIC U Pa3Mep
bydepa. [Ipu ucnosaernn Takoit KOMaHIBI IIPOIECC DJIOKUPYETCs 0 TeX Iop, IToKa 0ydep He OyIeT 3a10/THeH
nanabiMu. [Ipu 9TOM IpueMHUK U ITepelaTauK MOT'YT UCIIOIb30BaTh Oydepa pa3Horo pa3mepa, T.e. IPUeMHUK

MOXKET CUUTBLIBATEH OOJILIIION MaCCUB JAHHBIX B HECKOJIBKO IITpUEMOB U T.II.

CymeCTByeT TaK>Ke KOMaHIa alt, IIO3BOJIAIONIIasA IIPOIECCY OKUIAATH JJaHHbIX M3 HECKOJIbKHUX JIMH-
KOB O/JHOBPEMEHHO. B kadgecTse OJHOI'O U3 OXKHMIaCeMbIX COOBITUH MOXKHO TaKzKe HCIOJIbL30BATh CUTHAJI OT

CHUCTEMHOI'O TaﬁMepa.

C10BO, CBsI3aHHOE C JIMHKOM, COJIEPXKUT yKa3aTeJsb Ha JECKPHUIITOP IIPOIECCa, OXKUIAIONIErO HA JIMHKE.
Kpome Toro, 3710 cj10BO MOXKeT IpuHUMATh 3HaUYeHe NotProcessP, yKasbiBatolge, 9TO JUHKA HUKTO HE YK JIET.
OcranpHas wHMOpPMAaINsI, Takas, KaK yKasarTeJb Ha Oydep u pasmep Oydepa, XpaHUTCS B IECKPUIITODE

IIpoTiecca.
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Hampapienue mepemadn TaHHBIX OIPEIEISIETCST KOMAHJIOW, KOTOPYIO UCIOJHUT OYEPETHON TTPOTIECe
mpu oOpaIeHnn K 9TOMY JHUHKY. Hampumep, eciu MCIOTHSIETCS KOMaHIa out, MpeIHASHAMEHHBIE K 3aMUCH
JaHHBIE KOMUPYIOTC B Oydep oxkumaromero mpoiecca. [Ipu aTom yKazareab Oydepa MpoaBuraercs, a cIer-
YUK pa3Mepa YMEHBIAETCS Ha KOJUIECTBO CKOTMPOBAHHBIX JAHHBIX. KCIN YKe B JIMHKE 3aliCcaHO 3HAYCHUE
NotProcessP, mporiecc mepeBOIUTCsT B COCTOSTHIE OKUAHUS U YKA3ATEIb Ha €ro JeCKPUIITOD TTOMEIAeTCs B

JINHK.

AnajiornuHo 006pabaTHIBAIOTCs 3AIPOCHl Ha dTeHue. Eciim Mbl uMeeM 0oJjiee JIBYX ITPOIECCOB, MBITa-
IOIMUXCA MCIIOJIB30BaTh OJUWH JIMHK, TO BO3HUKaET CEPbE3Hasd Hpo6neMa: BHUMAaTEJILHBII YnUTaTE b JOJIZKeH
OBbLT 3aMeTUTh, YTO MBI He CKAa3aJd, /e XPAHUTCsd WHQPOPMAIMA O TOM, 9ero OXKUIAET TEKYIIUNA MPOIECC:
yreHust Wi 3anucu. IIpobiaema cocTouT B TOM, 4TO 3Ta MHPOPMAIKUA Hu2de He XpaHuTcs. Ecim mnporece mno-
HBITAETCH 3AIMCATD JAHHBIE B JIMHK, HA KOTOPOM KTO-TO Y2K€ OXKHJIAeT 3aIIMCU, TO JIAHHBIE BTOPOT'O IIPOIIECCa
OylyT 3aIuCaHbl TIOBEPX JAHHBIX OXKHUIaBIIero. Kciu pasmepsr OydepoB COBIIAIYT, TO OXKUIABIIUN ITPOIECC
Oymer mpeOBIBATL B yOEXKIIEHWH, UTO OH YCIEIIHO Iepeiaj Bce JaHHble. [103ToMy JIMHKH PEKOMEHIyeTCs

HCITOJIBE30BATH TOJIBKO /I OJTHOHAIIPABJICHHON Iepeadn JaHHbIX MeXK Ty AByMs (He Gostee!) mporeccamu.

HpI/I pa60Te C d)HSquCKHM JIMHKOM /TaHHbIC HE KOIIUPYIOTCH, a IIepeJatoTCd UJIN IIPUHUMAaIOTCs 9€pPe3

CbI/IBI/I‘IeCKI/IIU/I KaHaJl B pe2KuMe IIPAMOro AOCTyIIa K ITaMATH.

B omyimame ot TpyO, JIMHK He COMEPXKUT BHyTpeHHero 0ydepa. To 03HATAET, ITO HEPEIAIOIIHI TPO-
IIECC TI0 OKOHYIAHUH TI€PE/Iadl MOYKET ObITh YBEPEH, UTO JaHHBIE MOy I€HBI (€CJIU He MPOM30IILIO OIMUCAHHOTO
Boie KOHGIUKTA). [T09TOMY JTMHKE MOYKHO MCIIOJIB30BATH KAK CPEJCTBO CHHXPOHU3AINU JBYX IPOIECCOB.
TpyObI /1T 9TOr0 HEMPUTOMHBI UIMEHHO n3-3a Hajan4dnsa 6ydepa. C Apyroit CTOPOHBI, IO JUHKY HEJIb3s Iepe-

JIaBaTh JIAHHBIE [0 PUHIIAIY «BBICTPEIMI U 3a0bLT», KAK 3TO YaCTO JIeJIAloT ¢ TpybaMmu.

Kaxk y2ke roBopmioch, JOBOJILHO XOPOIIYIO HKMUATAIIAIO TPYObI MOXKHO PEaIM30BaTh [P IOMOIIU ABYX

JITHKOB 1 OydepHOro mporecca.

HaTepecno, uro B Bepcusix OC Unix, ocHOBaHHBIX HA MHKDPOSIIPE, TPYObl pean30BaHbI HMEHHO TAKHM 00-
pa3oM: MHKPOSIIPO HPEeJOCTABJISICT HH3KOYPOBHEBBIE onepaiuu send u receive, pyHKIIHOHAIHLHO OYCHD ITO-
XOXKHe Ha KOMaHJIbI in u out TpaHcrbporepa. CucreMHble BBI30BbI read W Write IpencTaBJIsTIOT cOOOH OT-
HOCHTEJIbHO BBICOKOYPOBHEBBIH HHTEp(eHC K KOMAHIaM MHKPOSIIPA. DTH BBI30BbI OOMEHHBAIOTCST JAHHBIMH

qepe3 OyepHbIii Iporiece, co31aBaeMblii B SIAPE CHCTEeMbI IPH HWHHUIIHATH3AIHA TPYOBDI.

Hamporus, peanmn3oBarh MMHUTAIUIO JIMHKA [IPU IOMOIIM TPYO HEBO3MOXKHO H3-3a Haaum4nus Oyde-
pa u COOTBETCTBYIOIIEH HEBO3MOXKHOCTH HCIIOJIbL30BATH TPYOBI JjIsI CHHXpOoHU3aIuu. B 3TOM cMbIC/Ie JIMHK

SIBJISIETCST CPEJCTBOM 0OJiee HU3KOI'O yPOBHs, UeM TpyOa.
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5.4 Cucremsbl, yIrpaBJjsieMble COOBITUSIMM

B nagase 70-x romos nosiBmIach HOBas apXUTEKTYPa MHOTO33aMHBIX CUCTEM, TOBOJIBHO PE3KO OTJIMIAIOINIA~
sICs OT BBIIICONMCAHHON MOJIEIN IOCIeI0BATE/ILHBIX MPOIECCOB. Pedub MIeT 0 Tak HA3bIBAEMBIX CHCTEMAX,

yhopasJisieMbiX cobbiTusimu (event-driven systems).

Brnepsrie sTa apxuTeKTypa 6blIa peayn3oBaHa B IKCIEPUMEHTATBHBIX HACTOJBHBIX KOMIBIOTEPAX
Alto, pazpaboranubix B 1973 rouay B uccienosarenbckom nearpe PARC dupmbr Xerox. [enbio skcnepumenta

OBLIO CO3/IAHNE OMEPAIIMOHHON CPeIbl, YIOOHOI JIJIsi CO3aHUsi MHTEPAKTUBHBIX ITPOIPAMM.

B stux cucremax Buepsbie ObLia pean3oBaHa MHOTOOKOHHAs rpaduka, KOria MOJb30BaTe/b OIHO-
BPEMEHHO BUJIUT HA dKpPaHe IpaduvecKuil BHIBOJ HECKOJIBKHUX IMPOrPAMM M MOXKET aKTUBU3UPOBATDL JIIOOYIO

"3 HUX, YKa3aB Ha COOTBETCTBYIOIIEE OKHO IIPpU MMOMOIIUA MaHUITYJIATOPA- « MBI ».

HpI/I Ka2KJIOM JIBHU2KEHUU MBI, HaKaTUW Ha €€ KHOIIKU WJIN KJIaBUIIIN Ha KJ/IaBUaType '€eHEPpUpyeTCcsd
cobbrTue. CobblTnd MOTYT TaK2Ke reHEpUPOBATbHCA CUCTEMHDBIM Taﬁl\lepOM nJIa 110JIb30BaTEJIbCKUMU IIPpOTrpaM-
MaMMH. CYH_IGCTBYIOT TaK2Ke TaK Ha3bIBa€Mbl€ «BU3YyaJIbHbIE» COOBITUL: HallpuMep, CABUHYB UJI 3aKPbIB OJJHO
13 OKOH, MbI OTKPBLJIN 9aCThb OKHa, HaXOAWBIICI'OCA BHUIY. STOMy OKHY IIOCbLJIa€TCA CO6I)ITI/I€, rosopdmiee o

TOM, UTO €My HY2KHO IIePEPUCOBATH IACTh CeOsl.

Kazxoe cobbiTre mpejicrapiseT coboit CTPYKTYPY JAHHBIX, KOTOPas COMEPIKUT KO, 0003HATAIOIIII
THUII COOBITUSA: JBUKEHUE MBIIIN, HAYKATHE KHOIKYM U T.JI., & TAKXKE I0JIsl, PA3JIUIHbIe JIJIsi PA3IUIHBIX THIIOB
COOBITUI: JIJIST «MBIIIUHBIX» COOBITUN ITO TEKyIne KOODJAUHATHI MBI ¥ OUTOBas MacKa, 0003HAYAIOINAs
cocTostHe KHOTOK (HaykaTa/oTmyreHa). /s KiraBuaTypHbIX COOBITHIT 9TO KO/l HAXKATON KJIABHIIN — OOBIY-
o, ASCII mist andaBuTHO-1IMPOBOI KIABHATYPHI U CIIENNAIbHBIE KOIBI JJIsI CTPEJIOK U JAPYIUX <«PaCIIi-
PEHHBIX» KJABHUII — ¥ ODUTOBasi MacKa, 0003HAYAIONAsl COCTOSHUE PA3JIMIHBIX MOJIUMUKATOPOB, TAKUX KaK
SHIFT, CNTRL, ALT u T.11.; JJIsi BU3YAJIbHBIX COOBITHII 9TO KOOPAUHATHI IIPSIMOYTOJIBHUKA, KOTOPBIA HYKHO

IepeprucoBaTh, U TakK JaJee.
Bce cobbiTust momeraoTes B 0Uepe/ib B MOPSIKE UX BOSHUKHOBEHUS.

B cucreme cymecrByer nonsitue obpaborunka cobbituii. O6paboTInK COOBITHIT TPEICTABIISET CO-
00l OOBEKT, TO €CTh CTPYKTYPY JaHHBLIX, C KOTOPOH CBSI3aHO HECKOJIBKO IIPOrPAMMHBIX MOJYJIell — METOd0B.
OJMH U3 METOJIOB BBI3BIBACTCS IPU TOCTYILIeHHN coObiTHs 1 HasbiBaercs callback (gocsioBHO — «BBI3OB

Ha3a1» ).

[TpencraBum cebe mpocToit 00BEKT, TaKOi Kak MeHio. [Ipn HaXkaTnu Ha KHOIIKY MBIIIN B 00/IaCTH 9TOrO
MeHI0 BbI3biBaeTcst callback. OH pazdbupaercst, Kakoil U3 IIyHKTOB MeHIO ObLT BBIOPAH, U BBI3BIBAET COOTBET-
CTBYIONTYIO (DyHKIHIO 0OpabOTKHU ITOr0 MyHKTA. TakuM 00pa30M, BMECTO OCIEI0BATE/THHO UCIIOTHSIIONIENHCS
MIPOrPAMMBI, BPEMsI OT BPEMEHH BBLI3BIBAIOIIEH CHCTEMY [JjIs WCIIOJHEHUS TON WU WHOW (PYHKIUU, MBI I10-
Jgyaaem Habop callback’oB, BBI3BIBAEMBIX CHCTEMON B COOTBETCTBUU C YKEJAHUSME I0Jb30Baress. Orcroa,

BUANMO, U mpoucxoaut TepMmuH «callbacks — 910 «cucremMHbIN BBI30B, WAYMINI B OOPATHOM HAIIPABICHUNY.

CrenuajibHas mporpaMMa, MEHeJKep COOBITU, HEIIPEPHIBHO ITPOCMATPUBAET OUEPEb U TePeIaeT
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rocTyIaone coobrTrst obpadordnkam. CoObITHS, CBSI3aHHBIE C 9KPAHHBIMI KOODIMHATAMHI, IIEPEIAIOTCsT 00-
paboOTUYNKY, ACCOIMIUPOBAHHOMY C COOTBETCTBYIOIIMM OKHOM. KJjlaBuaTypHbIe COOLITHS IepeaaioTcs (PpOKyCy

KJIAaBUATYPbI — TEKYIIEMY aKTUBHOMY OOPaOOTUINKY.

JIerko moHsAThH, YTO MEHEKEP U 00PADOTINKN COOBITHN JTOCTATOYHO OPraHMIHO BIIMCHIBAIOTCS B TPa-
juroHHy 0 MHOro3aAadHyt0 OC. CobbITHsT CTAHOBSITCS JIOMOJHUTEIBHBIM CPEJICTBOM CUHXPOHU3AIUU U ITe-
pelladn JAHHBIX, YAOOHBIM JIJIsi OPTaHM3aIliU II0JIb30BATEILCKOI0 nHTepdeiica. B npyrux curyarusix mpo-
IPAMMUCT MOXKET TOJb30BaThCA APyruMu cpegacrsamu. Tak yerpoenst Windows NT u okonmast mojcucremMa
0S/2 — Presentation Manager. OcobGeHHO JIIOOONBITEH B 9TOM OTHOIIEHUH OIBIT CEeTeBONl OKOHHON CHCTEMBI
X Windows, rme mnepemada coOBITHI peaJn30BaHa HA OCHOBE CTAHIAPTHBIX CPEICTB MEXKIIPOIIECCHOIO B3a-
UMoIeiicTBIS: TPYO MM pasJiesisieMOl HaMsITH 1Ipu paboTe B IIpejiesiaX OJHONH MAIIHHBI U COKeToB! mpu

B3aUMO/JICHCTBUY C yAaJICHHON MaIIUHOII.

Ojnako HamboJiee pacpoOCTPaHEeHHbIE B HACTOsIIee BpeMsi cobbiTuitnble cuctembl: MS Windows 3.x u

MacOS peau3yioT MHOM IIOIXO/I.

OTH cucTeMBI, 3aHUMArOIIe IpoMexkyTouHoe mnojoxkenne Mexay OC u JIOC, peanusyror Koomepa-
THUBHYIO MHOI03aJadHOCTh. B OOJIBIIUHCTBE YK€ CJIYUYaeB Jlake KOOIepaTHBHAsi MHOTOIIPOIECCHOCTh HE HUC-
TIOJIL3YEeTCsI: MEHEIZKEP COOBITHI CHHXPOHHO BhI3bIBaeT callback’n, n Bce mporpaMmbl paboTaoT KaK €IuHbIiT
nportecc. IIpeanomaraercs, aro obbrano callback mcmosasieTcst 6BICTPO, 8 BO3MOXKHOCTD ITEPEKJTIOYIATD (POKYC
MEZKy Pa3INIHBIMU 3aa9aMy JaeT MMOJb30BATEII0 MHOIHE U3 IIPEMMYIIEeCTE MHOIOIIPOIECCHON CHCTEMBI.
Ecmu monro ncnonusomuecst callback’n perysnsipro BosbiBatoT hyukmuio GetNextEvent, To MOXKHO CO3/1aTh

JIOBOJIBHO NMPWIMYHYIO Wiltio3uio nosmonenuoin OC.

O/1HUM W3 OCHOBHBIX HEJOCTATKOB TAKOW APXUTEKTYPHI sIBJISIETCST TO, YTO CUCTEMA OKA3bIBAETCS 3aBU-
CHUMOII OT Ka4decTBa peasid3alluy IPUJIOXKEHUN: 9eM perke IpuiokeHue BbI3biBaeT GetNextEvent, TeM Menee
paboTa cucTeMbl I0X02Ka Ha MHOT'OIIPOIeCCHYI0. JIpyrue HeIocTaTKK KOOIIEPATUBHOM MHOI'OIIPOIIECCHOCTHU 00-
cykaanuch B pasjiesie 6.1. Kpome Toro, kooreparrnBHoe I1epeKJIIOYeHNE IIPOIECCOB CYIIECTBEHHO YCIOXKHSIET
peanuzaruio cereBbix npumiokenuii m multimedia: yyBcTBUTEIBHBIE K BpEMEHHM PEAKIIMHM ITPOTPAMMBI HE

MOT'yT UCIIOJIHATBCA KaK OOBbIYHBIEC 3a1a491, OH! BbIHY2KJIECHDbI OT6I/IpaTb yIIpaBJieHUE y CUCTEMDbI.

B Windows 3.x jij1s1 9TOi 1en MpeoCcTaB/IsieTCs BO3MOXKHOCTh PErMCTPUPOBATH TakK Ha3bIBaEMbIe
VxD — mojtysid, UCHOJIHSIIONIUECS C MPUBUJIETUSIME si/TPA CUCTEMBI. Takue MOMIY/JU MOLYT HEIOCPEJICTBEHHO
obpabaThiBATh BHENTHUE COOBITHS M pearupoBaTh Ha HUX, He OTHAaBas yrnpasjienus sipy. B Windows 3.x u
Windows 95 VxD sBjisiioTcst € IMHCTBEHHBIM CPEJCTBOM, MPUTOSHBIM JIJIsI PEATU3AIINN TTPUIOKEHIH, Hy XK Ta-
FOIIUXCsT B YKECTKOW CHHXPOHUBAIMY, HAIIPUMED, JIjIsi CHHXPOHUBAINY 3ByKa U m300paxkeHusi B multimedia.

DTO TEXHUYECKOE PelleHne OYeHb XapakTepHo ist pupmbl MicroSoft: BMecTo 1moJIHOIEHHOI peajim3aluu Toii
W UHOM (DYHKIINA TPEIOCTABIATD pa3pabOTInKaM MPUJIOKEHUN HEeIOKYMEHTUPOBAHHBIE «3a/HUE JIBEPU». 3AHITHO,
9T0 OOJILIMMHCTBO TAKUX 3&IHUX JIBEPeil TaK WM MHAYe OTHOCATCH K MHOTOIIPOIIECCHOCTH, CHHXPOHU3AINHA 1 MEYKIIPO-

IIECCHOMY B3aUMOJECTBUIO.

LCpemerBo cereBoro o6MeHa JAHHBIMI, BO MHOTOM MOXOXKEE Ha TPYOLL.
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Tak, Bmecro 3amuTel sijpa MS DOS or OBTOPHBIX BBI30BOB M HOPMAJIBHOT'O CEPBUCA ISt 00PabOTKU MpEpPhI-

Banuii, MicroSoft peanusoBas HemoKyMeHTUpOBaHHBIN (iar 3ansitoctu JJOC.

Bwmecro BeiTecHstomneit muororporneccaoctu B Windows 3.x mipesiocraBiien cucreMHbIil Bbi3oB getNextEvent

BMmecTo moJIHONEHHBIX CPEJICTB CHHXPOHU3AINHT U ObICTPOil peakiuu Ha cobbiTus B Windows 3.x npejiocTaBieHb
VxD, 10 ecTh BO3MOXKHOCTb UCKAYKEHUsST PAOOTHI si[Pa CUCTEMBI.

CaMBbIM THTEPECHBIM BO BCEM 9TOM ABJISIETCS TOT MEYAJLHBIN (DAKT, ITO IPOTPAMMBI, UCIIOJIL3YIOIIIE
VxD, me moryr mcnonaarbeas B OC Windows NT, koropyro MicroSoft pekmamMupyer B Ka9ecTBE «CHCTEMBI

OyLyIeros. . .



I'maBa 6

Peannsalmss MHOTIOIIPOIIECCHOCTH Ha
TPaJUIIMOHHBIX (OIHOIPOIECCOPHBIX )

KOMIIBIOTEPAX

6.1 KooneparnBHass MHOT'OIIPOIIECCHOCThH

[To-BummMmomy, caMoii IpOCTOil peasu3alieil MHOTOIIPOIIECCHOIM cHCTeMbI ObLTa ObI GUOIMOTEKA TTOITPOrPaMM,

KOTOpas olrpejaesideT CJIeyrolue OOBEKTHL:

struct Process; B rekcre Oymer 00CyKIATHCS, UTO JOJXKHA [PEJCTABISATL COOOI 9Ta CTPYKTYPA.

Process * processCreate(void (*processBody) (void)); CoszmaTh mpoIecc, WMCIOJHSIONMH (QOyHKITHIO

processBody.

void processSwitch(); Bwi3biBaercd usnyTpu mporecca. dta GyHKIUs TPUOCTAHABINBAET TEKYIIUI 1PO-

oecc 1 aKTUBUSUPYET oqepeﬂHoﬁ IIpor1ecc, TOTOBBII K HCIIOJIHEHUIO.

void processExit(); BrmsbiBaercss m3HYyTPH Iporecca. Ita (DyHKIUS TPEKPAIaeT UCIOJHEHUE TeKYIIero

IIpoIiecca.

Ceituac MBI He 06cy>K;1aeM METOM0B CMHXPOHUI3AIINU ITPOIECCOB 1 B3aI/IMO,ILeI7'ICTBI/IH MeE2K/1y HUMHA. Hac

nHTEepecyeT TOJIBKO BOIIPOC: YTO K€ MbI JOJI2KHBI C/1e/IaTh, 9ITOOBI IIEePEKJIIOIUTDb Hpoueccm?

Oyukius processSwitch Ha3biBaeTcss AUCIETYEPOM ITPOHECCOB Wi IIJIAHUPOBIIUKOM

(scheduler) u Bemer cebst coreayonM 06pa30M:

e OHa mepenaer yupaBJeHUe Ha CJIEIYIOIIi aKTUBHBIN IIPOIIECC.

o TeKyIl(I/IfI IIPOIECC OCTaeTCA aKTUBHBIM, 1 9Y€PE3 HEKOTOPOE BPpEMA CHOBa IIOJIYyYUT yIIpaBJIEHUE.

72
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e [Ipu sTOM OH HOJyYUT yIHpaBjeHHe Tak, KaKk OyJaTo processSwitch mnpejcraBisia coboii 0OObIYHYIO

GbYHKIMIO 1 BO3BpATHUJIA YIIPABJIEHAE B TOUKY, U3 KOTOPOil OHA ObLIa BHI3BAHA.

OuenHO, 9TO (DyHKINIO processSwitch HeTb3sT YeCTHBIM 00PA30M DEAJH30BATh Ha sI3bIKE BBICOKOI'O YPOB-
Hst, Bpoje C, HoToMy 4TO 9TO JIOJXKHA OBITH (hyHKIHsI, KOTOpasi HE BO3BpAIllaeT [HemeyieHHO| ynpas-
JieHusi B Ty TOYKY, U3 KOTOPOii oHa ObLia Bbi3BaHa. OHAa BBI3BIBACTCS U3 OJHOI'O MPOIIECCa, a I1epeaeT

yipapJieHue B APYIoH.

CaMBIM ITPOCTBIM BAPUAHTOM, Ka3aJI0Ch ObI, OyJ/IeT MpocTasi epeada yipaBjeHns Ha HOBBIN MPOIIECC,
HAIIPUMeEDP KOMaH,10#1 0e3yCI0BHON IIepeiadn yIIpaBJIeHns 110 yka3areso. [Ipu aTom Bech onmcaressb nporiecca
(struct Process) GyzieT coCcTOsTH TOJIBKO U3 aJipeca, Ha KOTOPBIil HAJI0 repeiaTh yipasienue. bera Toiabpko

B TOM, 9YTO 9TOT BapuaHT He OymeT paboTaTh.

JleiicTBUTEILHO, KAXK I U3 IIPOIECCOB, BOODIIE TOBOPS, UCIIOJIHSET IIPOIPAMMY, COCTOSAIILY IO U3 BJIO-
JKEHHBIX BBI30BOB Iporieiyp. st Toro, 9Tobbl mporecc HOPMAaJIbHO TPOJOJIKII UCIIOJIHEHUE, HAM HYXKHO He
TOJIBKO BOCCTAHOBUTH aJ[pPeC TEKYIell KOMAHJIbI, HO U CTPYKTYPY JAaHHBIX, KOTOPAasi COIEPKUT UH(POPMAIIAIO

000 BCEX TUX BJIOXKCHHBIX BBI30BaX: CTEK BBbI3OBOB.

[TosTOMy MBI IPUXOIUM K CJIEAYIOIMIEMY BAPHAHTY:

o Kazxnprit nmporiecc mMeer cBOit COOCTBEHHBIN CTEK BBHI30BOB.

e [Ipu cosmanmm mporecca BBIIEISETCT O0JACTb HMAMSITH IOJ €ro CTEeK, W yKa3aTejdb Ha 3Ty 00J1acTb

IIOMeIlaeTcsl B JIECKPUIITOP IIpoliecca.
e Perucrp-ykazaresnb creka (Stack Pointer — SP) nporecca HacTpanBaercss Ha 3Ty 00JIACTb.

e processSwitch coxpaHseT yka3aTeab CTEKa TEKYIEero IPoIecca B ero JeCKPUIITOPE U BOCCTAHABINBACT
SP W3 JIeCKpPUIITOpA CJIEYIONIEro aKTUBHOrO 1porecca. [Ipu sTtom, korma dynknus processSwitch
BBIIIOJIHAET OllepaTop return, OHa aBTOMAaTHYECKHA BO3BPAIACT yIPABJIEHUE B TO MECTO, U3 KOTOPOIr'O

OHa OBbLIa BBI3BAHA 6 IMOM NPOUEcce, TTOTOMY UTO aJIpeC BO3BPATa COXPAHSIETCS B CTEKE.

Ecnu cucrema nporpaMMupoBaHus MPEIIIOIAraeT, ITO IPHU BbI30BE (DYHKIIUU JIOJIXKHBI COXPAHATHCS
OIpe/leJIeHHbIE PETUCTPBIL, TO OHN TAKyKe COXPAHSIOTCS B CTEKe. [TosToMy mpeIoyKeHHDbIE HaMU BapUaHT

TaK>Ke 6y,ZLeT ABTOMATUYICCKHN COXPaHATH M BOCCTaHaBJ/JIMBATL BCE H€O6XO,ZLI/IMI>IG PEerucTpnl.

IToraTHo, 9TO KpoMe cTeKa IIpoliecca, struct Process JIO/KHA COMEPXKATH €Ille HEKOTOPHIE IOJIs.
Kak MuHEMYM, OHa TOJI?KHA COAEpXKaTh yKas3aTesb Ha CJIEAYIOMWi akTHUBHBIA mporecc. CucreMma T0I2KHA
XPaHUTh YKa3aTe/ Il Ha TEKYIIUii ITPOIecC U Ha KOHell ciucka. [Ipu aTom processSwitch nepecrasiisieT TeKy-
MU IPOTece B KOHEIT CIIUCKA, a TEKYIINUM JIeJIaeT CJIeyIONUi 3a HUM B clIucKe. Bce BHOBb aKTUBU3UPYEMbBIE

IIPOIECChI TaK>Ke€ CTaBATCA B KOHEI[ CIIMCKa. HpI/I 9TOM CIIMCOK He 00s13aH OBITH JABYHaIIpaBJICHHBIM, B€/Ib

'Kaxk, manpumep, C-xommuasropsr mis Intel 80x86 coxpansiior mpu BbI30Bax perucTpsbl SI i DI (ESI/EDI B i386)
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MBI M3BJIEKAEM SJIEMEHTHI TOJIBKO M3 Hadvaja, a JobaBiisieM TOJbKO B KoHeIl. IlomobHbiM oOpazom paboTaer

MUKPOIIpOrpaMMHas peajin3aliis IJIaHUPOBIIMKA B TPaHCIbIOTEPax.

YacTo B JiATEpaType TaKOl CIUCOK HA3bIBAIOT O4Yepeibio mporeccoB (process queue). Takas
oUepeib MPUCYTCTBYET BO BCEX M3BECTHBLIX aBTOPAM PEAJTU3AINAX MHOTOIPOIECCHBIX cucTeM. Kpome Toro,
OYepeIn IIPOIECCOB UCIOJIB3YIOTCS U IIPU OPTraHU3AIINY OUepeeil OKUTAHNS PA3IUIHBIX COOBITU, HAIIPUMED,

npu peanuzaruu cemadopon JIuHKcTpsI.

[TnaHUpPOBIIUK, OCHOBAHHBIN Ha processSwitch, TO ecTb Ha UPHUHIUIIE HEPEKJIOYEHHs IPOIECCOB
[0 WHUIUATHBE aKTUBHOIO MPOIECCa, PEaiM30BaH B Psijie SKCIEPUMEHTAIBHBIX W YIEOHBIX CHUCTEM. DTOT
JKe TMPUHITAT, HA3bIBAEMbIfl KOOTIEPATUBHON MHOTOIIPOIIECCHOCTBIO, PEAN30BAH B OMOIMOTEKAX SI3BIKOB
Simula 67 u Modula-2. MS Windows 3.x Tak»ke UMEIOT CPEJICTBO JJIsi OPTAHU3AIINN KOOIIEPATUBHOTO TIEPEKJTIO-

YeHUs 3a/[a9 — CUCTEMHBIN BbI30B taskIdle miun, Kak 910 HazbiBaeTcsa B MS Windows, GetNextEvent.

Yacro KooIliepaTuBHbIE IIPOIIECChI Ha3bIBalOT HE IIponeccaMu, a coliporpaMmMaMid — B€Jb OHHU HE IIePEeKJIro4a-
OTCsA NPpUHYJ/INTE/IbHO, & BbI3bIBaIOT JIPYyT JIpyTa. E,ZII/IHCTBGHHOG oT/imdnue TakKoro BbI30Ba OT BbI3OBa IIOIIIPO-
rpaMmbpl COCTOUT B TOM, 9TO TaKOH BBI30OB HeE nepapxmieH — BbI3BaHHasd IIporpamMmMa MO2KET BHOBbDB IIepe/laTb

yiipaBJjieHue I/ICXO,Z[HOI71 " OCTaTbCA 1IPpU 9TOM aKTHUBHOM.

OcHOBHBIM (I/I c¢Ba JIM He e,ILI/IHCTBeHHbIM) IpenMymeCcTBOM KOOHepaTI/IBHOfI MHOT'OIIPOIIECCHOCTH fB-
JIAETCA IMPOCTOTa OTJIAJKU ITJIaHUPOBIITUKA. KpOMe TOro, CHUMAaIOTCdA BCE KOJIJIM3UU, CBA3aHHBIE C KpDUTHUYIE-
CKHMMU CEKIUAMU U TOMY HO,ZLO6HbIMI/I TPYAHOCTAMU — BeJIb IIPOIIECC MOXKET IIPOCTO HE OTJaBaTb HUKOMY

yIIpaBJIeHUs, TIOKa He OYJeT IOTOB K TOMY.
C Apyroit CTOPOHBI, KOOIIEPATUBHAST MHOT'OIIPOIIECCHOCTD UMEET U CePhe3HbIe HEJOCTATK.

BO—HepBbIX, HeO6XO,ILI/IMOCTI) BKJ/IIO9aTh B IPOr'PaMMy BBISOBBI pI‘OCGSSSWitCh YCIIOZKHAET IIporpaM-
MHUPpOBaHUe BOO6HL€ 1 1epeHoc nmporpamMm mu3 OJJHOIIPONECCHBIX UJIN NHaYC OPraHN30BaHHBIX MHOI'OIIPOIIECCHBIX

CHUCTEM B 9aCTHOCTH.

Ocobenno HenpUATHO TPeOOBAHUE PErYJISPHO BLIZBIBATH processSwitch /i BBIYUCIUTEIBHBIX IPO-
rpaMM. Yarmie Bcero Takme mpOrpaMMbl HCIIOJHSAIOT OTHOCHUTEIHHO KOPOTKUU BHYTPEHHMI IUKJ, CKOPOCTH
paboThl KOTOPOT'O OIPEJIEISIET CKOPOCTb BCEil MporpaMmbl. ljisi «ILUIaBHOI» MHOI'03aJIa9HOCTU HEOOXOMMO

BbI3bIBATH processSWitch U3HYTPHU 3TOI'0 IUKJIA. ,HeﬂaTb BbBISOB Ha KazKJIO0M ITHUKJIE Heueﬂecoo6pa3Ho, II0-
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9TOMY HEOOXOIUMO Oy/IeT HAITUCATDH UTO-TO BPOJIE:

IIpumep 9

int counter; // llepeMeHHad-CYETYUK.

while{condition) {

// Be3nBaTh processSwitch xaxzasle rate LIUKIOB.
counter++;

if (counter % rate == 0) processSwitch();

.... // CobCTBEHHO BHYUCICHUSA

VceaoBHBIN omepaTOp W BBI3OB (DYHKIIMH BO BHYTPEHHEM IUKJI€ CHJIBHO YCJIOXKHSIIOT PabOTy OITH-
MUBUPYIONAM KOMIUJISTOPAM U MPUBOJAT K pa3pblBaM KOHBeepa KOMAaH], UTO MOXKET MPUBECTH K OYE€Hb
3aMETHOMY CHUKEHUIO ITPOU3BOINTEILHOCTH. BbI30B MYHKIINN Ha KarKIOM IIUKJIE TPUBOINT K eIre OOIbITIM

HaKJIaJHBbIM pacXoJgaM 1, COOTBETCTBEHHO, K €IIe 6OJH>IHeMy 3aMEIJICHUIO.

Bo-BTOpBSBIX, 3/I0HAMEPEHHBII MPOIECC MOYXKET 3aXBATUTh YIIPABJCHUE W HUKOMY HE OTIaBaTh €ro.
[IpocTo He BBI3BIBaTH processSwitch, u Bce. DTO MOXKET NMPOU3OUTH HE TOJBKO M3-3a 3JIbIX HaAMEpPEHUi, HO
u pocTo 1o orubke. [TosToMy Takas cxema OKa3bIBACTCS HEIIPUTOIHA JIJIsi MHOTOIIO/IH30BATEILCKIX CUCTEM

1 9aCTO HEe OYCeHb yﬂO6Ha JJIgd THTEPaKTUBHBIX OJHOIIOJIB30BaTE/IbCKUX.

[Touemy-T0 GOMBIMUHCTBO KOMMepUueckKux mporpamm s MS Windows, B ToMm 4uciie u mpojaBaeMble CaMoii
dupwmoit MicroSoft, memocrarouno ncmomb3yoT Be30B GetNextEvent. BmecTo 3Toro takme mporpaMMbl MOHOIIOJIBHO
3aXBATBIBAIOT IIPOIECCOD W PUCYIOT U3BECTHBIE BCEM IIOJIB30BATENISIM ITOM CHCTEMBI «IIECOYHBbIE Yachl». B 9T0O BpeMsi
CHCTeMa HUKAaK He pearupyeT Ha 3allpOChl U JApYyTrHe IeficTBUA IOJIb30BaTesd, KpoMe HakaTmd KHOHOK RESET nam

CTRL-ALT-DEL.

B-Tperbux, Takas cxema HEIPUTOIHA JJISI CHCTEM peaslbHOrO BpeMmeHH. JleficTBUTENBHO, CHCTEMA
peasbHOrO BpeMeH! 00sI3aHa TaBaTh 2apaHmMuposatHoe BpeMsl PeaKIny Ha BHelHee cobbiTre. KoomepaTuBHast
cucrema He 00J1a/1aeT TAKUM CBOWCTBOM, IIOTOMY YTO HUKAK HE MOYKET BO3/I€ICTBOBATH HA BPEMsI, IIPOXOISIIEE

MEKJy BBI30BaMU processSwitch M3 IOJIb30BaTENBCKON IIPOrPAMMBIL.

Ilpocroit anan3 MOKa3bIBAET, 9TO KOOMEPATHBHBIE MHOT'OIMPOIIECCHBIE CUCTEMBbI IIPUTOIHBI TOJIBKO I yIe0-
HBIX IPOEKTOB HUJIH CUTYAIHI, KOTIa MPOTrPAMMHCTY Ha CKOPYIO DYKY HEOOXOIUMO CKJICHATh MHOTOIPOIIECCHOE
sapo. Bropast curyalust KaXkeTcst HeCKOJIBKO CTPAHHOI — 3a9eM JIJIsT CePbEe3HOH paboThl MOXKET IIOTPEO0BATHCST
OBICTPO CKJIETAHHOE SIAPO, €CJIH CYIECTBYeT MHOI'O I'OTOBBIX CHCTEM DEajbHOIO BPEMEHH, & TaKXKe OOIIen0-

crynubix (freeware wim public domain) B BuJie HCXOJHBIX TEKCTOB PeAJH3AIHH TAKUX siiep?
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6.2 BpiTecHsiomasa MHOTOIPOIIECCHOCTD

Bce Brimeckazannoe mo/IBOJIUT HAC K UJEE BBI3LIBATH processSwitch He U3 M0JIb30BATEILCKON MPOrpaMMBbI,
a KaKuM-TO UHBIM criocoboMm. Hampumep, moBecuTh BBI30B TAKOH (DYHKIIMM Ha MIPEPhIBAHUE OT CUCTEMHOI'O

TaiMmepa.

Torma MBI TOIYYNM CAEAYIONIYIO CXEMY:

o Kazxmomy mporieccy BBIIEISIETCS KBAHT BPEMEHU.

e Ecimm opornecc He OCBO60,ZLI/I.J'I IIponeccop B TedeHHue 3TOro KBaHTa, TO €ro CHHMAalOT M IIepeCTaBJIAIOT
B KOHeEI o4depeun. HpI/I 9TOM BC€ TI'OTOBbIE K HCIIOJIHEHUIO IIPOIIECChI Oojlee M MeHee PaBHOMEPHO

IIOJIy49alOoT yIIpaBJICHUE.

DTOT MeXaHW3M, Ha3biBaeMbIil time slicing wim pa3zejseHre BpeMeHU, Pean30Bal B MUKPOKOJIE
TPAHCIIBIOTEPa U MPAKTUYIeCcKu BO Beex coBpeMmeHHbIXx OC, Brutouas u OS/2. O6mum HazBaHUEM JJIsi BCEX
METOJIOB EePEKJII0UeHUsT 3a/a9 [0 MHUIMATHBE CHCTEMbI SIBJISIeTCs TepMUH BbITECHsIIOMast (preemptive)
MHOTOIIPOIECCHOCTh. TakuMm 0O6pa30M, BBITECHSIOINIAS MHOTOIIPOIIECCHOCTD IIPOTUBOIIOCTABJIAETCS KOOIepa-
TUBHO, IJIe MEePEeKJII0YeHNe TPOUCKOIUT TOJIFKO 110 WHUIUATUBE caMoil 3ajauu. Pa3esieHue BpeMeHU sIBJIs-

€TCsA YaCTHBIM CJIyYaeM BbITeCHHIOHIefI MHOT'OIIPOIIECCHOCTH, HO UCIIOJIb3YE€TCd Yallle BCEro.

[Ipu 3TOM BOIIPOC BEIOOpA KBAHTA BPEMEHHU SIBJISIETCSI HETPUBHAJIBHON 1pobsiemoii. C OqHON CTOPOHBI,
Ype3MEPHO KOPOTKHI KBAHT IIPUBEIET K TOMY, ITO OOJIBIIYIO 9aCTh BPEMEHU CUCTeMa Oy/IeT 3aHUMAaThC IIe-
pekJitouenneM nporeccoB. C Apyroif CTOpOHBI, B UHTEPAKTUBHBIX CHCTEMAX WJIM CHCTEMAaX PEeAJIbHOIO BpeMEeHH

CJIMIITKOM OOJIBIIION KBAHT OpuBeaeT K HEIOIIYCTUMO 6OJIBH_IOMy BpeMEHHN peaKInun.

B cucreme PeaJIbHOT'O BpEMEHU MBI MOZKEM 00DbABUTD IIponeccbl, KOTOPBIM Ha/10 6I)ICTpO pearupoBarTb,
BbBICOKOIIPpUOPUTETHBIMA U Ha 9TOM YCIHOKOUTBHCH. O,ILHaKO MbI HE MO2KEM TaK IHOCTYIUTH C UHTEPAKTUBHBIMU
nporpaMmMaMu B MHOT'OIIOJIb30BaTEJILCKON WA IIOTeHII1aJIbHO MHOFOHOHB3OB&T€HBCKOﬁ, kak UNIX ma na-

crosibHOl Marmmue Tuna AT /386 win Sun cucreme.

V3 1micuxosioruu BOCIPUSITUS U3BECTHO, YTO Y€J0OBEK HAYMHAET OIIYIIATH 3aJePKKY OTBETa MU Be-
guauHe 3Toi 3amepKKu 0okojgo 100 mc. [losTomy B cmcTemax pasmie/leHHOTO BPEMEHH, PACCINTAHHBIX Ha
HHTEPAKTUBHYIO PaboTy, KBAHT OOBIYHO BBIOMPAIOT PABHBIM JIECSITKAM MUJLIMCEKYHJI. B crapbix cucremax,
OPMEHTHPOBAHHBIX Ha MAKETHYIO 06pAbOTKY BRIUUCIUTEILHBIX 3a71a4, Takux kKak OC ANCMNAK ma BOCM-6,
KBaHT MOXKET JIOCTUTATDH JECSTHIX Ol CeKYHIbI WU JayKe CEKYHJI. DTO MOBBIMAET 3P PHEKTUBHOCTD CUCTE-

MBI, HO JIeJIaeT HEBO3MOXKHOW — WJIU, 110 KpaiiHell Mepe, HeyI0OHO# — HHTEPAKTUBHYIO paboTy.

BriTecHsro1mast MHOTOMPOIIECCHOCTD UMEET MHOTO IIPEUMYIIIECTB, HO €CJIU MbI IIPOCTO Oy/1eM BBI3bIBATH
OIMCAHHBINA B IIPeALIAYIINEM pa3aese processSwitch mo npepsiBanugaM OT TaiiMepa WIN APYyT'oro BHEIIHEro ,
TO TakKoe IepeK/IodYeHne OyIeT HeIOMpPaBUMO HAPYIIATH pabOTy MPEPhIBAEMBIX IIPOIIECCOB.

,ZLGIL/'ICTBI/ITGHI)HO, IIOJIB30BaTEJ/IbCKad ITporpaMmMa MO2KET OBITH HE TOTOBA K IIEPEKJIIIOYICHUIO. HaHpI/IMep,

OHa MOXKET B ,ZLaHHbeI MOMEHT HCIOJIb30BaTh KaKOH-TO U3 PErucTpos, KOTOprfI HE COXpPaHAETCd IIPU BbISOBaX.
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[TosTomy, Hanpumep, 06pabOTUYNKU AIMIAPATHBIX HPEPHIBAHUI COXPAHAIOT B CTEKE 6Ce HMCIIOJb3yeMble UMU
) )
peructpol. Kcraru... Ecian nama dynknus processSwitch Oyzer coXpaHATb B CTEKE BCE PErUCTPBI, TO
OyJIeT MPOUCXOJUTh UMEHHO TO, 9€ro Mbl XOTHM. processSwitch BBI3BIBAETCS 110 MPEPBIBAHUIO, COXPAHAET
) )
PErUCTPBI TEKYIIEro Ipolecca B TEKYIIEM CTeKe, IIepeKII0vYaeTcs Ha CTeK HOBOI'O IIPOIeCCa, BOCCTAHABINBACT

U3 €ro CTEeKa €ro PerucTpPhl, U HOBBIH MPOIECC OJIyYaeT yIpaBjeHne TakK, OyJATO U He TePsil ero.

[Tosiabrit HAOOP PErUCTPOB, KOTOPbIE HYKHO COXPAHUTH, ITOOBI IIPOIECC HE 3aMETUJI IE€PEK/TIOUCHUSI,
Ha3bIBAETCS KOHTEKCTOM Mporiecca. TakuMu perucTpaMu, KaKk MUHUMYM, SBJISIIOTCS BCE PETUCTPHI 00IIero
Ha3HAYEHUs, yKa3aTesb CTeKa, CUeTYNK KOMAaH/[ M CJIOBO COCTOSHUS IIpolieccopa. Eciu cucrema MCHoJib3yeT
BUPTYA/JIbHYIO IAMATH, TO B KOHTEKCT IIPOIIECCA BXOST TAKKe PErUCTPHI AUCIIETIEPA MAMATHU, YIIPABJISIOIIIE

TPaHC/IANel BUPTYaJIbHOI'O a/peca.

Yare Bcero oka3bIBAeTCsl HEYIOOHBIM COXPAHATH KOHTEKCT UMEHHO B cTeKe. 1orma ero coXpaHsioT
B KaKON-TO Jpyroit obyracTé MaMsTH, Yallle BCero B JIECKPUITOPE Iporecca. MHorue mporeccopbl MMET

criequaJibHbI€ KOMaH/Ibl COXPpaHCHHA U 3al'PDY3KHN KOHTEKCTa IIPpoIecca.

Jlist peasim3aniuy BBITECHEHUsT JOCTATOYHO COXPAHUTH KOHTEKCT TEKYINEro IIPOIecca W 3arpy3uTh
KOHTEKCT CJIeIyIOIIEro akKTUBHOIO IIporecca B odepenu. HeobxoammMo mpesocTaBuTh TakKe U (PYHKIUIO I1e-
PEKJTIOYEHNsT TIPOIECCOB TI0 WHUITMATHBE TEKYIIETO MPOIECcca, aHAJIOTHIHYIO processSwitch. DTo HyKHO st
peajim3aIuu MeXKIIPOIECCHOi cuuxponn3amun. Jaiie BCero, 0JiHako, BMECTO processSwitch cucrema mpeso-
CTaBJIIET BLICOKOY POBHEBbBIE IPUMUTHBBI CHHXPOHU3AIINN, HaripuMep cemadopbl nin GyHKIun send/receive

MuKposipa’. BeI3os processSwitch oKaspIBaeTCs CKPLIT BHYTPH TAKHX BBHICOKOYPOBHEBBIX (DYHKITHIL.

JIerxko 1HoHsSITb, 9TO BBITECHSIOIINI IJIAHUPOBIIUK C pa3/leIeHHeM BPEMEHH HEHaMHOI'O CJIOXKHee KOooIllepa-
TUBHOI'O TJIAHHPOBIIIHKA — H TOT, H APYTOH PEaJTH3yIOTCsT HECKOJIBKUMU JEeCSITKAMHU CTPOK Ha accembjepe. B
pabore [11] npuBosuTcst mOJIHBLE acceMOJIepHBIH TEKCT IpHOPHTETHOrO mianuposiinka cucrembl VAX/VMS

3aHUMAIOIHIT OJHY CTPAHHUILY".

[TousaTHO, 9TO y COBPEMEHHBIX IPOIECCOPOB, UMEIOIINX JECATKH PErUCTPOB OOINEro HA3HAYEHUS U
BUPTYaJbHYIO ITAMsTh, KOHTEKCT IIpoIiecca OyIeT uaMepsaThesi coTHsiMu Oaiit. Hanpumep, y mporeccopa VAX
KOHTEKCT Iporieccopa coctouT u3 64 32-pas3psmnHbix cjioB, T.e. 256 Gaiit. [Ipu srom VAX umeer Tosibko 16
PEruCTPOB ODIIEro HA3HAYEHUS, & DOJIbIIIAsT YaCTh OCTAJBHBIX PEIMCTPOB TAK UJIU WHAYE OTHOCUTCS K CUCTEME
VIIpaBJIEHUS] BUPTYaJbHON MaMATbHIO.

Ha stom ocHOBaHO pernaroriiee MpenMyIecTBO TPAHCIILIOTEpa mepell mporeccopamu Tpaauiimonabix u RISC
apxuTekTyp. /leslo B TOM, 9TO TPAHCHIBIOTED HE MMEET AUCIIeTYepa IMaMsTH, U Y HEro BOOOIe OY€Hb MAaJjO PEruCcTPOB.
B xyammewm ciydae, Ipu epeKJIIOYeHNN IPOIIECCOB JIOJI2KHO COXPAHATHCH 7 32-pa3psaHbIX Perucrpos. B sydiem ciry-
Jae COXPAHSIOTCS TOJBKO JIBA PETUCTPA — CUETUMK KOMAHJ[ U CTaTyCHDLIN peructp. Kpome Toro, mepenacrpanBaeTcs
perucTp wptr, KOTOPBIil BBIIOJIHSIET IO COBMECTUTE/HCTBY (DYHKIMH yKa3aTesi CTeKa, 6a30BOr0 PErucTpa CerMeHTa

CTATUYECKHUX JIAHHBIX IIPOIECCa U yKa3aTeJssd Ha JIECKPUIITOP IIPOIiecca.

2Kouuenmnus MUKPOsIZIpa MoApobHee obCyX)KaaeTcs B pasaese 6.4.
3 ABTOpaM HEM3BECTHO, KaK IyOJIMKAIMS STOrO TEKCTa COOTHOCUTCS ¢ aBTOPCKUME mpasaMu dpupMel DEC.
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TpancuboTep nMeeT Tpu apupPMeTHIeCKNX PErucTpa, OPraHM30BAHHBIX B PETUCTPOBLIH cTek. [Ipu 3ToM 00bI4-
HOE IIePEKJIIOYEHNE IIPOIIECCOB MOXKET IIPOUCXOIUTH TOJIBKO, KOIJIa 9TOT CTeK IycT. Takasi CUTyalusi BOSHUKAET JOBOJIb-
HO YaCTO; HAIIPUMED, TOT CTeK 00s3aH OBITH ITyCTHIM IIPHU BBI30BaX MPOIEAYP U JaXKe [PU yCJIOBHBIX U OE3yCJIOBHBIX
epexo/iax, MOITOMY IUKJINIECKas IPOrpaMMa He MOXKET He MMEeTh TOYEK, B KOTOPBIX OHA MOXKET OBITh IIpepBaHa.
VinoMmsHyTble B IPEIbLAYIEM pa3iesie KOMAHIbI OOPAIeHNsT K JIMHKAM TaK2Ke HCIIOJHSIOTCS IIPU IIyCTOM PErucTPO-
BOM cTeke. [loaToMy, HeiicTBUTE/IBHO, OKa3bIBAETCS JOCTATOYHO [E€Pe3arpy3uTh TPU YIIPABJISIONIAX PErUCTPa, U MbI
repea M yIpaBieHue CJIEYIONEeMy aKTUBHOMY IIPOIECCY.

Omnepariust MepeKJIIOYeHUsI IPOIECCOB, a TaK¥Ke YCTAHOBKA IIPOIECCOB B 0YEPE/Ib IIPU X AKTUBU3AIMY [TOJTHO-
CTHIO PEAJIM30BaHbI HA MUKPOIIPOIPAMMHOM YpOBHE. JleaKTHBAIMS IPOIECCa ITPOUCXOIAT TOJIBKO IO €r0 MHUINATHBE,
KOIJIa OH HAYMHAET OYKUJATH CUI'HAJIA OT TaliMepa UM FOTOBHOCTH JIMHKA. [Ipr 5TOM ITPOIece NCHOTHSET CHEeNUATBHY IO
KOMAaH/Ty, KOTOpPasi BBI3BIBAET MUKPOIIPOIPAMMY, KOTOpasi, B CBOIO O4YepPe/b, YCTAHABIUBAET IPOIECC B OYEPE/Ib OXKU-
AKX COOTBETCTBYIOMIErO COOBITHUSI, M ITEPEKJII0YAETCsI Ha 09ePEeIHOM aKTUBHBIN mporecc. Korma mpuxoauT curtall
TafiMepa WIn JaHHBIE 10 JITHKY, TO TAKXKE BBI3BIBAETCS MUKPOIIPOIPAMMA, KOTOPAas YCTAHABINBAET AKTHBA3UPOBAHHBII

OpoliecC B KOHEIL OUepe I aKTUBHBIX.

YV TpaHCIBIOTEPA TAKKE CYIIECTBYET MIUKPOIPOTPAMMHO PEaIM30BAHHBIN PDEXKUM pa3/Ie/IeHnsi BDEMEeHH, KOIIa
10 CUIHAJIAM BHYTPEHHEro TajiMepa aKTUBHBIE IPOIECCH IUKIINYIECKH [IEPECTABIAIOTCA BHYTPU Ovdepeu. TaKue 1mepe-
KJIIOYEeHNs, KaK y2Ke TOBOPHUJIOCH, MOI'YT IIPOUCXO/IUTh TOJIBKO, KOTJIa PEFUCTPOBBIN CTEK TEKYIErO IIPOIECCA IIYCT, HO

TaKWe CUTyallu BOSHUKAIOT JOBOJIBHO YaCTO.

Kpome 0OBIYHBIX MPOIECCOB B CUCTEME CYIIECTBYIOT TAKXKE TaK Ha3bIBaeMble BBICOKOIPUOPUTETHBIE MIPOIIEC-
col. Ecoim Takoit mporece mosrydaeT yIupaBiieHHe B PE3yJIbTaTe BHEITHENO COOBITHS, TO TEKYIUil HU3KOIPUOPUTETHBII
poriecc OyJeT mpepBaH HE3aBUCHMO OT TOTO, IIyCT €r0 PErnuCTPOBBIA CTEK WM HeT. UTOOBI IPHU 3TOM HE Pa3PYIIATh
[IPEPBAHHBII [IPOIIECC, €r0 CTEK U BECh OCTAJILHON KOHTEKCT CIIACAIOTCd B OBICTPYIO IMaMSATh, PACIIOJIOKEHHYIO HA KPHU-
cTaJljie IPOIECCopa. JTO U €CTh TOT CAMbIA XYJIIINii CJIydail, 0 KOTOPOM I'OBOPHUJIOCH BhIIIe. Bech IUKJI TEPEKJII0IeHUsI

zanuMaer 640HC IO CPaBHEHUIO C JECATKAMU U, TIOPOH, COTHAMM MUKPOCEKYHJ Y TPAUIIMOHHBIX [IPOIIECCOPOB.

Bce aTo BMecTe mpesicTaBisieT co60il JOBOJIBPHO HETPUBHAIHHYIO M KPACUBYIO KOHCTPYKIIMIO, O KOTOPOil MO-
JIpobHee Hy2KHO YUTATh B JIATEPATYPE, HOCBAIIEHHON sToMy npeamery ([8], [9]).

Biaromapst Takoii opraHu3anuy TPAHCIBIOTED He MMEET PaBHBIX cebe 110 BpeMeHH PeaKIlny Ha BHEITHee COObI-
Tue. Ha mepBblit B3T/Is/1, MUKPOIIPOTPAMMHAs PEATUIAIIS TAKOH JIOBOJIHHO CJIOXKHOM KOHCTPYKITUH, KaK TIJIAHHPOBIIUK,
CHI2KAeT THOKOCTh CUCTEMBI. B JIefiCTBUTEILbHOCTH, B COBPEMEHHBIX CHCTEMAX IIJIAHUPOBIIUKHU PEATU3YIOTCS JJOBOJIHHO
CTAHJIAPTHBIM 00Pa30M, M PEAJIN3allisl, BBIIIOJTHEHHAS B TPAHCIILIOTEPE, OU9€Hb OJIN3KA K 9TOMY CTAHJIAPTY, N3BECTHOMY
kak MUKposizpo (microkernel). Kpome Toro, anmapaTtHast cxema B3aMMOJEHCTBUS MEXKJy TPOIECCAMHU TI0 JIMHKAM
SIBJISIETCST JIOCTATOYTHO MOIIHOM, ¥ Ha €e OCHOBE MOYKHO CMOJIEJINPOBATH MPAKTHIECKH JIFOOOH APYTroit MeXaHu3M, HAIPH-
Mep Te ke cemadopbl JuikcTphl. A Bce BO3MOXKHBIE HAKJIAIHBIE PACXOJLI OYyT CKOMIIEHCHPOBAHBI OY€Hb BBICOKOM

MIPOU3BO/IUTEIHHOCTHIO 0A30BOI CUCTEMBI.

6.3 IlmaaupoBHOIMKY C TPUOPUTETAMU

B MHOT'OITPOIIECCHBIX CUCTEMaX YaCTO BO3HHUKAIOT BOIIPOC: B KaAaKOM ITOPAIKE NCIIOJIHATH I'OTOBLIC Hpoueccm?

YacTo GbIBaeT 0YEBUJIHO, YTO OJIHUA U3 IPOIECCOB BakHee APyrux. Hampumep, B cucTeMe MOXKET CYIIECTBO-
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BaTh TPU TOTOBBIX K MCIIOJHEHUIO IIPOIECCA: IIPOIECC - CeTeBoil (pbailyIoBLIit cepBep, MHTEPAKTUBHBIN IIPOIIECC
- TEKCTOBBII PEAKTOP U IIPOIECC, 3aHNMAIOMIMNNACH IJIAHOBBIM PE3€PBHBIM KOIMPOBAHUEM C JHACKA HA JICHTY.
Od4eBuIHO, YTO XOTEJIOCH ObI B IIEPBYIO OYEpPEIb Pa300paThCs C CETEBBIM 3aIllPOCOM, 3aT€M — OTPEAruPOBATD
Ha HarkKaTue KJABUIIUA B TEKCTOBOM PeJaKTOpe, & pe3epBHOE KOIMMPOBAHUE MOZKET NOJOXKIATh COTHIO-IAPYTYIO
MuLaucekyH. C apyroit CTOPOHBI, MBI JOJI?KHBI TAPaHTUPOBATH [TOJIb30BATEIS OT CUTYAIU, KOT1a KAKOH-TO
IIPOIECC BOODIIE HE IOJIydaeT YIIPaBJIEHUsI, IOTOMY YTO CHCTEMa IIOCTOSTHHO 3aHsiTa 60J1ee TIPUOPUTETHBIMHI
3aJlaHuAMU. J{eCTBUTEIBHO, BbI 3aIIYCTUJIM TO YK€ CaMOe Pe3ePBHOE KOIUPOBAHUE, U CEJIM UI'PATh B TETPUC
WIA IHCATH UCHMO JIIOOMMOI »KEHINNHE, a IIO0CJe MOJIydaca HIPhl OOHAPYXKHJIM, YTO HU OJHOIO OaiiTa He

CKOIIMPOBAHO — IIPOIECCOP BCE BpEM:I ObLJI 3aHSIT.

CaMBIM ITPOCTBIM U HamboJIee PACIIPOCTPAHEHHBIM CITOCODOM PACIIPEIEIEHNUsI IIPOIIECCOB 110 IIPUOPH-
TeTaM SBJISIETCsI OPTAHU3AIS HECKOJBKIX OdYepeieil — B COOTBETCTBHE C IpuopureTamu. 11pu sToM mporecc
U3 HU3KOIPUOPUTETHON OUepeIN IOJIydaeT yIIpaBjeHne TOrJa W TOJBKO TOTIa, KOTa Bce ouepean ¢ Hojee

BBICOKMM IIPUOPUTETOM ITIyCTBHI.

[Ipocreiimum cirydaeM Takoil OpraHU3aIMU sIBJISETCS TPAHCIBIOTEp, uMeomuil n1se odepemu. [Ipu
9TOM CHUCTEMa HE MOXKET OTOOpAThb YIIPAaBJIEHUE Y BLICOKOIPUOPUTETHOTO Ipolecca. B 3TOM cMbICIe HU3KO-
IIPUOPUTETHBIE 3aJ]a9M BBIHYK/IEHBI TI0JIaraThCs Ha «IIOPSJI0YHOCTbY BBICOKOIIPUOPUTETHBIX, T.€. Ha TO, YTO

Te 0OCBODOXKJIAIOT IIPOIECCOP B Pa3yMHOE BPEMHI.

OruacTu moxoxkuM 06pazoM opranu3oBaH miaaHupoBmuk cucreMbl VAX/VMS. On umeer 32 upwuo-
PUTETHBIX OYepe/ i, U3 KOTOPBIX cTapiiue 16 Ha3BIBAIOTCS MIPOIECCAMHU PEeaJIbHOTO BPEMEHH, a MJIAJIIIINe —
pasnesienHoro. I1pu sToM mpolece peajbHOrO BpeMeHH HCIIOJIHSIETCS BCEerla, KOTAa MOTOB K UCIIOJHEHUIO, U
B crucTeMe HeT 0oJiee MPUOPUTETHBIX IporeccoB. B atom cmbiciie OC u mporecchl pasaeieHHOrO BPEMEHH
Tak»Ke BBIHYXKJEHDLI I0JIaraThCs Ha €ro IOPsI0YHOCTh. 1109TOMY IpUBHJIErHsl 3allyCKaTbh TaKUe IIPOLECCHI

KOHTPOJIUPYETCsI aIMIHACTPATOPOM CHUCTEMBI.
B cBoto ouepeib, Iporiecchl pa3aeieHHOIO BPEMEH! EPUOAMIECKHU IEePEKIIIOIAI0TCI MEXK Iy CODOI.

Jlerko moHATH, 9TO pa3iejeHne BpeMeHH obecrieamBaeT 60jiee MM MEHee CIIPaBeIIUBBIA JTOCTYII K
IIPOIIECCOPY JIUIA 33184 C OJJMHAKOBBIM ITPUOPUTETOM. B ciiydae TpaHcHbloTepa, KOTOPBII NMeeT TOJTbKO OJUH
OPUOPUTET U, COOTBETCTBEHHO, OJIHY OYepedb JJd 3a/a9 Pa3/leJICHHOTO BPEMEHH, ITOT'O OKA3bIBaETCAd II0-
crarouno. Onnako coBpemennble OC, Kak 00IIero HasHaYEHUs, TAK W PEAJHLHOIO BpPEMEHU, MUMEIOT MHOI'O
ypoBHel mpuopuTeTa. [lJisi 9ero 3To Hy>KHO, U KaK JOCTUTAeTCAd B ITOM CJIydae YeCTHOE paclpesesieHue
BpeMeHH IIporeccopa’

Jlesio B TOM, 9TO B CHCTE€MaxX TaKOI'0 THUIA IIPUOPUTET IIPOIECCOB PA3JIEICHHOTO BPEMEHU SIBJISETCS
JHAMUYecKoi BejmanHoi. OH M3MeHSIeTCsT B 3aBUCHMOCTH OT TOI'0, HACKOJIBKO aKTHBHO 3aa9a MCIIOJIb3yeT

IIPOIIECCOP U JIPYTHUE CUCTEMHBIE PECYPCHI.

B cucremax ¢ makerHoii 0O6pabOTKOM, KOTJA s 33Ja9i YKA3bIBAIOT BEPXHIOK TDAHUILy BPEMEHU
IIPOIEecCcopa, KOTOPOe OHA MOXKET HCIOJIB30BaTh, 9acTO 00jiee KOPOTKHE 3aJ[aHusi UAYT C 00Jiee BBLICOKMM

npuoputeroM. Kpome Toro, 60s1ee BLICOKUIT TPUOPUTET JAIOT 3aJia9aM, KOTOpPble TPeOYIOT MEHbIIe TaMSITH.
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B cucremax pazjiesieHHOro BpeMEHHU 4acTO OKA3bIBAETCSH CJIO2KHO 3apaHee OIPEJIE/IUTh BPeMst, B Tede-
Hue KoToporo Oyjer paborars 3aa4a. Hanpumep, Bbl oTsiazkuBaere rporpammy. st 9Toit 1eim Bbl 3aIrycKa-
eTe CUMBOJIBHBIN OTJIATYINK U HAUMHAETE WUCIIOJHATE Ballly MPOrpaMMYy B IIOIIArOBOM peKnMe. KcTecTBeHHO,
9TO BBl HE MOXKETe JaKe NPUOIU3UTETBHO MPEJCKA3aTh KAK aCTPOHOMIYECKOE BPEMsi OTJIAJIKH, TAK U BPEMS
[EHTPAJBHOTO MIPOIECCOPa, 3aHATOe 1pU 3TOM. [109TOMy OOBIYHO Takue CUCTEMBI HE OI'DAHUYUBAIOT BPEMs
WCIIOJIHEHUS 33/1a4d U JIDYTHE PEeCYpPChl U BBIHY2KJIEHBI JejlaTh IIPEJIIIOJIOKEHNS O IOBEJIEHUU IIPOI'PAMMBbl B

6yﬂymeM Ha OCHOBaHHMU €€ IIOBEJCHN B ITPOIITJIOM.

Tak, ecan mporpamMma HadaJjla BBIUNCIEHNSI, HE IpephIBaeMble HUKAKIMU OOpAIeHUsSIMI K BHEITHeit
MaMSTH WA TEPMUHAJY, MBI MOXKEM IIPEJITOIOKHUTD, YTO OHA Oy/IeT 3aHNMATHCS TAKUMU BBITUCJICHUSIMHA U
nageire. Hamporus, eciam mporpaMma c/iesiajia HECKOJIBKO 3alIPOCOB HA BBOJI/BBIBOJI, MOXKHO OXKHJATDH, ITO

OHa 1 JaJIbIIIe 6y,H,eT aKTHBHO BblJJaBaTb TaKHE€ 3aIIPOCHI.

[IpeamoyruTeIbHBIMU JJIsi CHCTEMBI OYIYT T€ IPOrpaMMbl, KOTOPbIE 3aXBaThIBAIOT IPOIECCOP Ha KO-
POTKOE BpeMs 1 OBICTPO OTIAIOT €ro, IePEX0s B COCTOSIHIE OXKUIAHNS BHEITHENO UM BHYTPEHHETO COOLITHSI.
[TosToMy TakuMm ImpoleccaM CHCTEMa CTPEMUTCS IMPUCBOUTH OoJiee BBICOKUI HpuopuTeT. Ecim mporpaMma
OXKHUJIAET 3aBEPIICHUS 3aIIPOCca Ha 0OpallleHne K JIUCKY, TO 9TO TaK>Ke BBITOJHO JIJIsI CHCTEMBI — BeIb Ha 60JIb-
MITHCTBE MAIINH YTeHUE W 3aIMCh Ha JUCK IIPOUCXOIUT MMapasLIebHO ¢ paboToi MeHTPAJIBHOIO IPOIeccopa.

IBM PC ¢ kourposuzepom IDE miau MFM B sToMm cMbicie npeacrapisier coboil gocagHoe NUCKIII0YEHE.

[TosTomy cucrema IMHAMUYECKH HMOBBIIIAET IPUOPUTET TEM 3aIaHUSIM, KOTOPbIE OCBODOIMIIH TIPOIEC-
COp B pe3ysIbTaTe 3alpOca Ha BBOJ-BBIBOJ WJIM OXKHJAHUE COOBITUS M, HA0OOPOT, CHU2KAET TeM 3aJaHUsIM,
KOTOpBIE ObLIN CHSATHI C IIPOIECCOPa M0 UCTEYEHNI0 KBanTa BpeMeHu. OJIHAKO IPUOPUTET HE MOYKET IIPEBbI-

CUTDH OIIPEAEJICHHOTI'O 3HAYECHUA — CTaPTOBOI'O IIPHUOPUTETA 3ada9H.

IIpu sToM HamboJiee BBICOKHUIT IPUOPUTET ABTOMATUYECKU IOJIYYAIOT WHTEPAKTUBHBIC 3aJa4d U
POrPAMMBI, 3aHATbIE WHTEHCUBHBIM BBOJOM-BBIBOJOM. [l0o3TOMY IpoIlteccop 9acTo OKa3bIBAeTCA CBODO-
JIeH, U yOpaBJIeHUE IO/IYyYal0OT HU3KOIPUOPUTETHBIE BBIMHUCIUTENbHbIE 3amanusd. [lostomy cucrembr UNIX
u VAX/VMS naxke npu o4eHb BBICOKOIl 3arpyske 00eclednBaiOT Kak IIPUEeMJIEMOe BPeMsl PeaKIMu JIJIsi MH-
TEPAKTUBHBIX IIPOTPAMM, TAK U IPUEMJIEMOE aCTPOHOMUYIECKOE BPeMsl UCIOJTHEHUS Il aKeTHBIX 3aJaHMui.

4

A Giarogapsi BO3MOXKHOCTH CO3/JaBaTh IPOIECCH peabHoro BpeMenn™ 31u ke OC MOXKHO HCIIOJIL30BATHL U

B 33/[a4axX peaJlbHOIO BpEMEHH, BPOJie yIIPABJIEHUS ATOMHBIM PEAKTOPOM.

VMS nosslmaer OPUOPUTET TaK2Ke U TeM 3a/iavdaM, KOTOPbI€ OCTaHOBUJ/IMCH B OXKUJAHUU ITOJKAYIKA
CTpaHUIIbI. 10 CAeJIaHO U3 TeX COO6pa}KeHI/II7I, 9TO eCJid IIporpaMMa HECKOJIBKO pa3 BBICKOYWJIa 3a IIPEJIe/Ibl
CcBO€ro pa6oqero Ha6opa, TO OHa 6y,H,eT JeJjiaThb 9TO U JaJiee, a IIPOoIeCcCOpP Ha BpeMsd IMOJKaYIKKW OHa 0CBODOXK-

JTAET.

Hy»x)H0 oTMeTuTh, 9TO IpOIECcC Pasae/IeHHOrO BPeMEHN MOYKET MOBLICUTEH CBOM MIPUOPUTET 10 MAKCH-
MaJIbHOTO B KJIACCe pa3/iesIeHnsl BpeMeHH, HO HUKOIa He CMOXKET CTATh IIPOIECCOM PEaJIbHONO BpeMeHH. A

JJId IIPOITECCOB peaJIbHOT'O BpeMEHHN JUHaAMWIYIECKOe N3MCEHCHHE ITPUOPUTETOB OOBIYHO HE JeJ1aroT.

413 OC cemeiicrBa Unix IIpoIeccsl peajbHOTO BpeMeHn GLIBAIoT TOJIbKO B System V Release 4 u HURD.
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JIT060IBITHO peann30BaHo AuHaMIIecKoe m3MeHenne npuopureta B 0S-9. Tam KaKplif MpOIECC UMeEeT CTa-

THYECKH® Olpe/Ie/IeHHbI IPHOPUTET, 1 BO3PacT (age) — KOJMYeCTBO IPOCMOTPOB OYepPeI ¢ TOrO MOMEHTA, KOTJIa

9TOT IMPOIECC B MOCJEIHUI pa3 mojydast yupasiaerue. Obe 3TU XapaKTEepPUCTUKU IIPEICTaB/IeHbl 16-pa3psaaapivMu Oes3-
3HAKOBBIMU ducjaaMu. 1Ipu 9TOM ympaB/ieHre KaKIblii pa3 MOJIydaeT MPOIECC ¢ HAMOOJIbIIell CyMMON CTATHIECKOrO
[IPUOPUTETA U JUHAMUYECKH H3MEHHIONIErocss Bo3pacra. Eciu y JIByX IPOIECCOB TaKHue CYMMbI PaBHBI, TO Oepercs
mporiece ¢ O6IBIIUM TPUOPUTETOM. ECin y HUX PaBHBI U NMPUOPUTETHI, TO OEPETCs TOT, KOTOPLI OKa3aJics OJmKe K

HadaJy OdYepeiH.

]_D)I/I,ZLHO7 9TO TaKasl CXeMa IapaHTHUPYET, 9TO JIFO0OIH HI/I3KOHpI/IOpI/ITeTHblﬁ nponecc paHO MJIA IIO3HO IIOJIy9UT
yopaBJjieHUe. Ecimu xe mam HY2KHO, 9TO0OLI OH TIoJIyvaJr ympaBJeHUue PaHO, TO MbI JOJZKHBI IIPOCTO IIOBBLICUTL €ro

[IPUOPUTET.

Kpome Toro, MOXKHO 3ampeTuTh UCIOJHEHUE IIPOIECCOB CO CTATHIECKAM ITPUOPUTETOM HIKE 33JAHHOTO. DTO
MOKeT YMEHBINUTH 3arPy3Ky MPOIECcOpa U MO3BOJIUTH BBICOKOIPHOPUTETHBIM ITPOIIECCAM PA3IPECTH YBEJIMIUBITUIICS
[MOTOK BHEINTHUX coObITHil. [IOHATHO, YTO TaKOl 3ampeT MOXXHO BBOJMTH TOJIBKO Ha HEDOJIBIIOE BpeMsi, YTODOBbI HE
HapPYIIATH Y€CTHOE PACIPEIEIEHUE IPOIECCOPA.

Bosmoxkna u 6Gojiee TOHKasl PEryJIMPOBKa — CHCTEMHBIN BBI30B, KOTODBIM 3aIlpeInaeT yBeJUIUBATH BO3PACT
rporiecca DOJIBITe 3aJ]AHHOTO 3HAUEHUs. 10 eCTh, TPOIECC, CTOsT B OYEPEIN, MOXKET JOCTUYIL ITOI0 MAKCHMAJIHLHOTO
BO3pAacTa, MMOCJIe Yero OH TO-TPEKHEMY OCTAeTCsl B OYEPE/Id, HO €ro BO3PACT y¥Ke He yBesaumdauBaercs. [losydaromasicst
B pe3yJIbTare CXeMa PACIpejesIeHlsl BPEMEHH IIPOIeCccopa OTYACTH [I0X0XKa Ha JIByXcJoiinyto opranuzaimio VAX/VMS,
KOIJIa WCIIOJTHEHUE TIPOIECCOB CO CTATHYECKUM ITPHOPUTETOM, MPEBBINIAIONUM TPAHUILY, HE MOXKET OBbITh TPEpBaHO

HU3KOIIPUOPUTETHBIM IIPOIIECCOM.

Crangapr POSIX npakTriecku He HAKJIAIbIBAET OrPAHUYECHHUI HA OPraHU3aIluio PACIPEIe/ICHIS IIPU-
opuTeToB MexK Iy nporpammamu. Omaako wHacaeque OC UNIX mpuBesio K ToMy, 9TO B HEr0 BBeJeHa KOMAHIA
nice — 3amyCTUTh MPOrPAMMY C 3aJaHHbIM HpuopureroM. [Ipm 3TOM 3amaHHDLIN TPHOPUTET MOXKET OBITH

TOJBKO HU2KE MPUOPUTETA 3AILYCKAIONIEN 3a/1a4M.

Takast KOMaH/a HESIBHO MTPEJIIIOIArAET HATUYINE CXEMbI THHAMUYIECKOTO PACIIPEIE/IEHNS TPUOPUTETOB,
AHAJIOTMYHOM BhINTeoMUcaHHoi. [Ipu 9ToM Bee M3BECTHBIE aBTOPAM CUCTEMBI, TOJTHOCTHIO PeaT3yIOIINe CTaH-
napr POSIX, (Cucrembr cemeiictsa Unix u VMS st VAX u Alpha) B jieiicTBuTebHOCTH peain3yoT UMEHHO
rakyio cxemy. Omimune mexry UNIX’amu 1 VMS B 3TOM 1I71aHE COCTOUT TOJBKO B TOM, 4TO 0OBIYHBIH Unix

He UMeeT IIOHATHSA IIPOoIeCCa peaIbHOI'O BPEMEHH.

6.4 MoHOJIMUTHBIE CUCTEMBI I CUCTEMbBI C MUKPOSIPOM

KpOlVIG IJIAaHUPOBIIMUKA TUITXIHAA OC BkarouaeT B cebst MHOIO Apyrux IVIO,ZLyJIBIU/I — I[IOZICUCTEMY BBO,ILa/BbIBO,Ha,
CbaﬁﬂOByIO CUCTEMY MJIM CUCTEMBI, JUCIICTYCD IIaMATH U PAJ MEHEe BaKHbIX. HpaKTI/I‘IeCKI/I BCE€ 3TU MOJYJIA

paboTaroT ¢ pazieasaeMbIMI PECYPCAMU U HE MOTYT OBITH peeHTepabeTbHBIMH.

5BOO6ILI€-TO, IIPOIIECC MO2KET IIOBBICUTH WJIX IIOHU3UTH CBOI IpuopuTeT, UCIIOJTHUB COOTBeTCTByIOHLI/Iﬁ CHCTEMHBIN BbI30B. Ho

CHCTEMa 10 COOCTBEHHOM HMHUIHAaTHUBE HUKOI'JIa HE MEHdAeT ero.
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Te w3 unTareseii, KTo 3aHUMasCa pazpaboTkoit Bupycos mwim TSR miust MS/DR DOS, mosmkHBI GBITH XOPOIIO
3HAKOMBI ¢ 9TOi mpobsemoii. Borpeku xakepckomy (osibKIopy, HepeerTepabeabHOCTh siiapa DOS cBsizana BoBce He ¢
TepeyCcTaHOBKOM yKa3aTess CTeKa IIPHU BXOJ/E B 00pabOTYMK mpepbiBannsa 21h, a UMEHHO C TeéM, ITO SIApPO paboTaer ¢

pa3aeadeMbIMU JaHHBIMUA.

O/1HO U3 TEePBBIX PEIeHn 5TOi MPOHJIEMBI COCTOSIJIO B TOM, YTOOBI 3alIPETUTH IIEPEKJIIOUEHNE 3a1at
BO BpeMst paboThl HepeeHTepabenbabix Moyeit OC. Ilpu srom Bce moaysin OC cobuparoTcsi B KOHIJIOMEpAT,
naspiBaeMblii sigpoM (kernel). B cucremax ¢ BUpTYanbHON HaMsITBIO KOJ[ U JIAHHBIE sijipa OOBIYHO PACIIO-
JIOXKEHBI B €IMHOM BHPTYaJbHOM &JJPECHOM IIPOCTPAHCTBE, KOTOPOE OTIMIAETCS OT aJIPECHBIX IIPOCTPAHCTB
[IOJIb30BATEILCKIX 3a1a4. Z1Ipo MOYKHO HA3BaTh IPUBUJIETMPOBAHHON 3a/1a1eil, HO OHO He SIBJISIETCS IIPOIeC-
COM B ITOJTHOM CMBICJIE 9TOT'O CJIOBA, IIOTOMY UTO IIJIAHUPOBIIIUK HE MOXKET 0TOOPaTh y sijipa mporeccop. B siipe
cobpaHbl Bee HepeeHTepabeIbHbIe MOIYJIN CUCTEMBI, & IacTO U MHOTHe peeHTepabenbible. CaM MIAHTPOBINK

TaKZKe ABJIAeTCA 9aCThIO dIpa.

UcnosHssg cucTeMHbBIH BBI30B, IMOJL30BATEIbCKAS ITPOrpaMMa IepefaeT yipasienue saapy. [1pu Bxone
B SIJIPO IJIAHUPOBAHME IIPOIECCOB IpeKpaliaercs. Hampumep, 310 MoxkKeT OBITh CIeIaHO0 COPOCOM CHCTEMHO-
ro Taiimepa. fIpo MCHOJIHAET 3alPOC WU CTABUT €ro B OYepeb Ha HCIOJHEHWE U IepelaeT YIPaBJICHUE
[JIAHUPOBINUKY. [[IAHUPOBIIKK TI€pecTaB/sieT TeKYIIuii IPONecc B KOHEI[ 0Yepein (€C/iu OH OCTAJICS aKTUB-
HBIM), IIPOrPAMMUpYeT TafiMep, 3ajiaBas B KadeCTBe WHTEPBAJIa KBAHT BPEMEHU, U II€PEJAeT yIIPABJIEHUE

CJIeIyIONIEeMY aKTUBHOMY IIPOIIECCY.

[Iporiecc MOxKeT MOTEPATH yIIPABJIEHHUE JIBYMs CIOCODAMM — 10 HCTE€YEHUH KBAHTA BPEMEHU WJIN [IPU
WCIIOJTHEHUN CHCTEMHOI'O BBI30Ba. B mepBOM ciIydae OH BCETA OCTaeTCs B OUepequ aKTUBHBIX, BO BTOPOM
MOYKET OCTAThCsI, & MOXKET U HE OCTAThCsl, B 3aBUCUMOCTH OT CJIEJIAHHOTO BBI30Ba. 3alpoChl BBOJIA/BBIBOJIA 1

CUHXPOHU3AIUU C JIDYTUMU IIPOIECCAMU YaCTO IIPUBOJAT K II€PEBOY IIPOIlecCa B COCTOSTHUE OXKUJIAHUSI.

Anapo moxkeT HMOTEPSATH yIpaB/ieHWEe TOJIBKO IIPU amapaTHOM IpepbiBanuu. [IpepbiBanus obpaba-
TBIBAIOTCY CIIEIUAJBHBIMU IIPOrPAMMaMU — JpaifiBepaMu yCcTpoicTB. JpaliBepnbl SIBJIAIOTCS YACTBIO sijipa U
HE UMEIOT IPaBa UCIOJHATL OOBITHBIE CUCTEMHBIE BBHI30BLI. HU O/IMH TIOJIL30BATEILCKUN MIPOIECC HE MOXKET

IIOJIyYUTh yIpPaBJICHHUE, II0KA KAKOU-TO U3 MOJAYyJIell anpa aKTUBEH.

B wname BpeMsi Takas apXUTEKTypa Ha3bIBAETCS MOHOJUTHBIM sapoM. OHa sBJISETCS HEIOCPe-
CTBEHHBIM IOTOMKOM OJ[HOIIPOIIECCHBIX WJIN KOoolepaTuBHO MHOromporeccHbix OC, co3maBaBIuxcs B KOHIIE
50-x — magaje 60-x, u opopMUIACEH €IIle JI0 TOr0, KAK TEOPETUKU paspaboTaid y100HbIE METO/bI CHHXPOHU-

3allun 1 B3aI/IMO,ZLeI7ICTBI/IH IPOIECCOB.

OCHOBHBIM HEI0CTATKOM MOHOJIMTHOTI'O fdAJpa ABJIAETCA BOBCE HE TO, IYTO 9TO «CTapad» a.pXI/ITeKTypa.
Takast crpykrypa BiosHe npueMiiema st OC obiiero HasHaveHusT — OOJBIIMHCTBO cucTeM cemeiicTBa Unix

u OS/2 Gosiee nm MeHee yCIIEIHO eé UCIOJIb3YIOT.

HpO6JIeMI)I BOBHUKaIOT, KOI'la MBI IIbITaAaEMCd pPEa/in30BaTb CUCTEMY DpeaJIbHOI'O BPEMEHU. ,HeﬁCTBH-
TeJIbHO, IIPOIECCHI PB JOJIZKHBI II0JIy49aThb yIpaBJICHHE B T€YCHHNE I'apaHTHPOBaAHHOI'O MHTEPBaJla BPEMEHU.

W sToT nHTEpBAJI HOJIXKEH OBITh, IT0 BO3MOXKHOCTH, HEOOJLIINM. A BpeMmsi paboTbl HEKOTOPBLIX Momayseit OC
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MOXKET OBITH JIOBOJIBHO JIOJIIUM — HAIIPUMeEp, BpeMsI mmoucka (aiina B qupekropuu. [loatomy, eciim MBI XOTUM
peasimzoBaTh OC peajbHOrO BpEeMEHH ¢ XOPOIIUM BPEMEHEM PeaKIIuu, Mbl JOJKHBI IIPUCBAUBATH IIPOIECCAM

PB 6oJtee BbICOKUIT IPUOPUTET, UM y SIAPA.

Ho kak Takwme mporieccbl OY/IyT HCIOJHSTH CUCTEMHBbIE BbI3OBbI? Bejn ecim mporecc umeer Gostee
BBICOKUI IIPUOPUTET, UM PO, TO OH MOXKET IOJIYIUT yIIpaBjeHUE BO BpeMs paboThl HepeeHTepabeIbHOrO
MOJLyJIst cucTteMbl. Kak ke ObITh?

Te, ko xopomo 3nakoM ¢ MS/DR DOS, npountas npeapiaynmit ab3ar, cpady ke npousHecyT orsetr — DOS
Busy flag (duaar 3anaroctu JJOC). B nameii curyanuu 66110 661 npasuibhee HazsaTh ero «Kernel Busy» (fapo
3aHATO). Peun uyer o duarosoii nepemennoii, koropas umeer suadenue TRUE, ecyiu g/[poO B JAHHBIA MOMEHT aKTHBHO,
u FALSE Bce ocTtaJibHOe BpeMms. [lob30BaTebcKast mporpaMMa MOYKeT MOy IUTh 3HadeHne Jara CrennaabHbIM PeeH-
TepabesbHBIM CUCTeMHBIM BB30BOM (B DOS 3TOT BBI30B HE GbLI JOKYMEHTHPOBAH BILIOTH 10 Bepenn 5.0, XOTsI BliepBbIe

on nogsuyica B8 DOS 3.0).

Ucrionp3yst aT0T MexaHusM, nporpamma PB nepes ucnosineHreM Jir060ro CHCTEMHOIO BBI30Ba JIOJIZKHA, IIPOBE-
putb «Kernel Busy flags. Ecau dbaar pasern FALSE, TO MOXKHO UCIOJIHSTH BbI30B. Ecim ke on pased TRUE. ..

Mg He GyzieM J1eTaIbHO 00CY2K/IaTh BOIIPOC O TOM, YTO MOTJIA ObI ¢/ies1aTh nporpamma, eciau Kernel Busy flag
okazkercs pasen TRUE. Hampuwmep, oma moria Obl CKOMMPOBATHL CEIMEHT JAHHBIX sApa B CBOM BHyTpeHHU Oydep,
cOpocuThb (hJar, UCIOJTHUTH BBI30B M CKOMIMPOBATD JaHHbBIE sijipa obparHo. [losb3oBarenn «HopMasibubixy OC mpunum
OBl B y?Kac OT TAKOI'O MPEJJIOYKEHNSI, XOTS 9TO JOBOJBHO YaCTO HCIOJb3yeMasl TEeXHHKa peasm3aruu TSR-miporpamm

nnst DOS. Boustee oipobmoe obCcyKaeHne BapuaHTOB yBEJIO Obl HAC CIUIIKOM JAJEKO OT OCHOBHOI TEMBI.

B mepBom npubsimxkenun 3ta npobdiema ObLia perieHa B cucremax tumna RT-11. B sroit cucreme 06-
pallieHus K HepeeHTepabeIbHBIM MOJIYJISIM, HAIPUMEDP K IOJICHCTEME BBOJIA/BBIBOJIA, PEAIM30BAHbI HE KaK
BBI30BBI, & KAK YCTAHOBKA 3aIIPOca B 0Uepelb. 10 ecTh, 06paboTKa 3ampoca HAYMHAETCH HE CPa3y 2Ke IOCTIe
BBI30BAa, a, BOSMOXKHO, Uepe3 HEKOTOpoe BpeMsi. [103ToMy MBI MOKEM IOCTABUTH 3aIlpOC B OYepe/ b MPaKTH-

YeCKU B JIFOOOH MOMEHT, B TOM YHCJI€ U BO BpeMs UCIIOJHEHUs 00paboTanKa 3a1poCcoB.

Mpr HEe MOXKeM cTaBHTH 3aIlpOC BO BpeMsl APYIHX oIllepalfuil Haj 3TOH >Ke 0Yepebl0 — HO BPEMsI H3BJIC-
9eHHs1/BCTABKU 3JIEMEHTa H3/B OYepejlb DABHO BPEMEHH HCIIOJHEHHs Tpex-deTbipex koMmans, a B VAX ara

omepariisi JAeaaeTcsT BCero ojHoi xkomamoi. Ha aTo Bpemst MOKHO MpOCTO 3alpeTHTh IPEPhIBAHUS.

BoJtee nan MeHee moxozkast TEXHHKa peajn3oBaHa Bo MHorux Japyrux OC peajbHOTO BpeMeHH U 00-
mero HasHauvenus, HanpuMep B 0S-9, RSX-11 u VMS. Passurue 3T0ii ujen u COrJIacOBAHKUE €€ ¢ KOHIIEIei
rapMOHUYECKH B3aUMOIEHCTBYIOIINX IPOIECCOB, IpuBesio B 80-e TOAbI K apXUTEKTYPe, N3BECTHON KaK MUK-

posinpo (microkernel).

MI/IKpOH,ﬂpO COCTOHUT U3 IIJIAaHUPOBIIUKA 1 0a30BbIX CPpeJCTB IIepeJadn JaHHbIX MEXK/1y IIpoecCaMi 1

CUHXPOHU3aIIUU. B kauecTBe Takmx CpeacTs MOryT OBITH IpeJgocTaB/IEHbl BCET'O Y€ThIpe 0a30BbIe d)yHKH,I/II/Ii

port_t create(options, ...); Cosgarb mopT JjJist nepejadn/IpueMa JAaHHbIX. B TpaHCHObIOTEpe TaKoii

IIOPT Ha3bIBaCTCA JIMHKOM.
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int send(port_t to, void * what, size_t how_much); Ilepesars B mopT 6JIOK JAHHBIX 33/ IAHHOTO Pa3-

Mepa.

int receive(port_t from, void * where, size_t how_much); Ilosyuurs u3 nopra OGJIOK JaHHBIX 3a-

JIAaHHOT'O pa3Mepa. Eciu NTaHHBIX elle HeT, IPOorpaMMa-IIoIydareb Oy/IeT OXKIIaTh UX [OTOBHOCTH.
void delete(port_t port); YiaauTb HEHYKHBII HOPT.

Habop napamerpoB y (GyHKIMI MOKET U3MEHSIThCS. B IepBYIO ovUepesb 9TO KacaeTcs HmapaMeTpoB
dyuknuit send/receive. B HalleMm npuMepe MOpT HPEICTABIAET COO0 HECTPYKTYPUPOBAHHHBIN ITOTOK JTaH-
HBIX, TO3BOJISONIII OOMEHUBATHCST COODIIEHUSIMHU ITPOU3BOILHOIO padMepa. B HEKOTOPBIX peajn3ainusx pas-
Mep COOOIEeHHsT MOXKeT ObITh (pUKCUpPOBaHHBIM. BO3MOXKHBI U O0jiee MHTEpEeCHbIe KOHCTPYKIIUN, HAIIpUMED,

aHAJIOTM MEXaHN3Ma paHAeBY s3bika Ada.

B mekoTophix crucremax, HallpUMep B TpaHCIbIOTepe, (DYHKIMS receive MoxKeT 00JalaTh GOJIbIEi
IUOKOCTBIO — OHA MOYKET TO3BOJIATH OXKUJATH JITAHHBIX U3 HECKOJBKUX ITOPTOB, aHAJM3UPOBATH COCTOSHUE

mopra 0e3 OXKuJIaHUs JAHHBIX, OXKUIATH He 0oJiee 3a1aHHOI0 BPEMEHHU U T.I.

Muxposiipo MoJIy9usIo CBOE HA3BAHUE HE TOJIBKO M3-38 MAJOro KOJWYecTBa (DyHKIWHA, HO U U3-3a
TOrO, YTO €r0 peam3aliis OYeHb KoMIlakTHa — okoJio 10 KbaiiT kona s mnporeccopa 80x86; st CISC-
IIPOIIECCOPOB ¢ palrnoHabHOI apxurekTypoil Tuna MC680x0 uyTs momensbie, a1 RISC — ayrh moboJibiire.
B TpancnpioTepe MOJHOIEHHOE MAKPOSIPO PEaIn30BaHO MUKPOIPOIPAMMHO, TO €CTh oleparms send m Bce

BapUAHTHI OIEpPAIU receive siBJISIOTCS KOMaHJIaMHU IIPOIECCOopa.

B makux OC Bce ocTajibHbIe MOJIY/IM CUCTEMbI SIBJISIOTCS OTJIEJBHBIMU ITPOIECCAMU, U B3aMMOJIEHi-
CTBYIOT MeXK Ty coboil mpu momornu oneparuit send u receive. Eciiu 1mo/ib30BaTe/IbCKOMY MIPOIECCY HYKHO
OTKPBITH (aill, OH MOCBLIAET 3AlPOC COOTBETCTBYIOIIEMY CHCTEMHOMY IIPOIECCY W YKJIET oTBeTa. Kcm cu-
CTEMHBIN IIPOIECC B 3TO BpPeMsi ObLI AKTHUBEH — HUYErO CTPAIITHOTO, MPOCTO MPUJIETCs MOJA0XKIATHE HEMHOI'O
nofoJibitie. Takasi apXUTEKTypa CHUMAET BCe IIPOOJIEMBI ¢ PEEHTEPADEILHOCTBIO AAPa CUCTEMbI, U TTO3BOJIA-
eT TpoIeccaM PeaJIbHOTO BPEMEHU U JlaXKe 00pabOTIMKAM MPEePhIBAHUN UCIOJHATL CUCTEMHBIC BBI3OBBI O€3
orpanmyenuii. [locsie/iHee, B 9acTHOCTH, O3HAYAET, UYTO TENEPh MOXKHO IUCATL JAPaWBEPHI, OOpaIaonmecs K

JApYyruM ApaiiBepaM WM K 1Py CUCTEMBI.

Camu mpore/iypel send u receive, pa3yMeercs, SIBJSIIOTCS HepeeHTepabe/IbHBIMH, HO BpeMsI HX HCIIOJTHEHUS

ouenb majio. Ha aTo Bpemst MOXKHO MpOCTO 3alIpeTUTH IIPEPhIBAHUS.

Crporo roBopsi, pasjmdyne MexKJIy MOHOJUTHBIMUA 1 MUKposaepHbiMu OC He cTOJIb BEIUKO, KaK MO-
JKeT nokasarbes. Jleao B Tom, uro npaktudeckn Bce OC MMEIOT B cocTaBe sijipa aCUHXPOHHBIE IIOJICUCTEMBI,
B IIEPBYIO OYepe/Ib — MOJICUCTEMY BBOJA/BbIBojA (cM. pasien 7.3.3). daxe B oxnonponeccuoit MS DOS nuc-

koBbIe Kot Tuia SMARTDRV . EXE ocyiiecTB/IsAIOT OOMEH ¢ JUCKOM aCHHXPOHHO.

OcHOBHOE OT/IMYHE COCTOUT B TOM, 9TO B CHCTEME€ Ha OCHOBE MHUKDPOAIpa CHUCTEMHBIC WU IT0JIb30Ba-

TEJIbCKUE IMPOIECChl OJNHAKOBO IVIAHUPYIOTCA W UCIIOJIB3YIOT OJHU MU TE€ 2KE€ CUCTEMHbIE BBISOBDLI JIJIA obMeHa
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JaHHBIMA WM CHUHXPOHH3AIIUN. B monosmmrabix sxe OC IIPOIIECChI dApa MW IIOJIb30BaTE/JIbCKHE ITPOIIECCHI II0-

Pa3HOMY IIAHUPYIOTCA U, 4Hallle BCero, UCIOIb3YIOT JIJIs B3aUMOJICHICTBUA pa3/IMYHble CPEJICTBA.

C KOHIENTyaJbHOI TOYKHU 3peHusi pasHuiia Hebosbinas. C MPAKTUIECKON YKe Cepbe3Hble OTJINYIUs
ecThb. /lesl0 B TOM, 9TO B MOHOJUTHBIX CHUCTEMAaX JJig OOMEHA JAHHBIMU MEXKJY IIPOIECCAMU SIJIPa HEPEIIKO
UCIIOJIb3YETCsl pasfie/isieMasi maMaTh. KpoMme TOro, mporecchl sdapa 4acTOo UMEIOT YPE3aHHbLIM KOHTEKCT, KO-
TOPBII CONEPKUT HE BCE PErUCTPhI IpoIleccopa. Hailie Bcero ype3aioT PErucTpPbl JUCIHETYepa HaMITH, TeM

CaMbIM YMEHbIMad BUPTYyaJIbHOE a/[pECHOE IIPOCTPAHCTBO, JOCTYIIHOE TaKUM IIPOIECCaM.

OjiHako peasibHas IEHHOCTH BCEX 3TUX onTuMusaruii Hesesinka. Camoit 6icTpoit OC jist MaluH Ha
OCHOBe TIpoTieccopoB i180x86 sTBIIsIeTCsT MUKpOsiZiepHas cucTeMa peaabHoro spemenn QNX, HaMHOTO TPeBOCXO-
Jdmast mo cyObeKTUBHON CKOPOCTH, BPEMEHH MTEPEKJIIOUEHUs IPOIECCOB U YAETbHBIM HAKJIATHBIM PACX0IaM

takue MonosurHele OC, kak OS/2 u Windows NT.

Mukposiipo 0OKa3bIiBaeT OOJBINYI0 yeayry B cTpyKrypupoBanun momyieit OC. Teneps Bce momymn —
JTUCIeTYep maMsaTH, (pailjioBble CHCTEMBI, JpaiiBephbl yCTPONCTB U T.JI. — JOJI2KHBI B3AMMO/IEICTBOBATE JAPYT C
JIDYTOM B BBIJIEJIEHHBIX TOYKAX U C HCIOJIB30BAHUEM XOPOIIO OIIPeJiesIeHHOro nnrepdeiica, B IOJHOM COOT-

BETCTBUU C KOHIOEIIIUAMMN CTPYKTYPHOTO U MOJAYJIBHOI'O IIPOTPaMMUPOBAHMA.

D10 yuporraer pazpaborky OC «c Hyss», HO MOXKET PE3KO YCJIOXKHUTH 1MepepabOTKy CYIIECTBYOMIEH
CUCTEMBI TI0JI MUKPOSIJIEPHYIO APXUTEKTYPY. DTO CHUIBHO 3aBUCUT OT CTPYKTYPUPOBAHHOCTH KO/ MCXOIHOMN

CHUCTEMDI.

Tak, Unix System Laboratories ycrentao nepenenanu monosutHoe siapo UNIX System V R3 B Mukposiiepayio
cucremy System V R4. A dbupma IBM, nbrtasick npeobpazosars MoHomuTHOE A1p0 OS/2 B MUKPOSIIEPHYIO CHCTEMY
Workplace OS (WPOS) ayist PowerPC, crosnkuynacs ¢ npobjaeMami, CyneCTBOBAHIE KOTOPBIX ObLIN BBIHYKJEHBI IIPHU-

3HATH JaxKe OPUIINATbHBIE TTPEICTABUTEN (DUPMBI.

Kpome Toro, apxurekrypa MHKpOsIpa pe3ko yipornaer paspaborky OC Jjisi MHOTOIIPOIECCOPHBIX
MaIluH ¢ o0Iell MaMATbIO U JJIs PACIPE/ICICHHBIX MHOTOMAIITUHHBIX CUCTEM, He UMeIonux obieit dpusnte-
ckoii mamsT. Bee, 4TO0 HAM HYXKHO — 9TO CO37aTh Ha KaXKJOM Ipolieccope (KaKJoi MallnHe) KON MUK-
posiIpa U HAYyYUTHCS [I€Pe/laBaTh COOOIIEHUs MEXK/Iy HUMU. B ciyvae MHOTOMAIIIMHHOW CUCTEMBI COOOIIICHUS
MOTYT IepPeIaBaThCs M0 JOKAJbHON min JaxKe riobanabHoi ceru. [Ipu 9ToM 1mo/b30BaTEIbCKIE ITPOTPAMMBI
MOT'YT BOODIIIE HE 3aMETUTh [I€PEX0/1a K MHOTOMAITUHHON KOHMUTYPAIUHE — BCE COODITIEHUS IePeIaioTCs TEMHI
JKe KOMaHJaMu send W receive, M3MEHSIETCS TOJIBKO KOMAaH[1a CO3JaHUs HOpTa. VIMEHHO Tak peaim30BaHO

MeXKXMalllnHHOe B3auMoeiicreue B cucreme QNX.

EH.[G OJlHa MHTEepEeCHad n/ied, peain3aliusd KOTOpOI7I PE3KO yIIpomaeTCd B MUKPOAJAEPHBIX CUCTEMax —
9TO IIpeJOCTaBJ/ICHNE PA3JIMYHBIM I10JIb30BATE/JIbCKUM IIpOrpaMMaM Pa3JIMIHbIX Ha60pOB CHUCTEMHBIX BBISOBOB.
Bnpoqu, TaKad HJAed IIOTEeHIUaJIbHO OllaCHa — HallpuMep TeM, YTO OKa3bIBacTCdA CJIO2KHO OpPraHM30BaTb

B3aHMO,H€fICTBHe MeEK/1y IIporpaMMaMM, UCIIOJTHACMBbIMA B Pa3/JIMYHbIX IIOJCUCTEMAaX.

Hanpumep, Windows NT mpemocrasiisier Tpu pasjddHbIX HAOOPa CUCTEMHBIX BBI30BOB — UnNiXonmomoOHbIi nH-
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tepdeiic POSIX-mojcucremsr, uarepdeiic, comecrumbiit ¢ MS Windows 3.x, uzsecrubiit kak Winl6-mojicucrema wim
WOW (Windows On Windows), u opuruHaJgbHbIA 32-pa3psHblii cucTeMHBIH uHTepdeiic, BO MHOIOM IIOXOXKU 1O
crpykrype na Windows 3.x, HO 6ojiee GoraThlii U M3OMIPEHHBIN, U3BeCTHHIN Kak Wind2-mojacucrema. [Ipu srom mpo-
rpammbl B POSIX-mojicucreme He MoryT 3amyckarsb nporpaMMbl Winl6 u Wind2 u mpakTudeckn He MOTYT B3aUMO/Ieli-

CTBOBAaTh C HUMU.

[Teproit w3 m3BecTHBIX apropaM KomMmepueckux OC, mocjenoBaTe/IbHO PeATU3YIONUX APXUTEKTYPY
MUKposijipa, Oblta cucrema QNX. Dra cucrema mmeer MUKpOsIpO pasmepoM okosio 10 Kbaiit, peanusytoriee
epeady COOOIIEHNI MeXK/Iy MPOIecCaMy KakK B MPeIesiax OJHOM MAIUHBI, TaK U MEXK/y MAIUHAMHU B JIO-
KaJIbHOM ceTr. B KauecTBe cereBoro nporokosia MoryTt ucnosb3osarbest X.25, SNA, TCP/IP unu coberBenHbIit

CETEBOU IIPOTOKOJI.

QNX paSpa6aTbIBaJICH JJI HpI/IJIO}KeHI/Iﬁ PeaJIbHOI'O BpEMEHH, B TOM YHUCJIE€ U JIJId UCIIOJIb30BaHUA BO
BCTpanBa€MbIX MUKDPOIIPDOIIECCOPHBIX CUCTEMaX; HO, 6J1aroaapﬂ KOMITaKTHOCTH N d)aHTaCTI/I‘IGCKOIU/I IIPOU3BO-
JAUTEJIbHOCTU, 3Ta OC HNHOT'Ja 3aMCEHACT CUCTEMBI O6HI€I‘O Ha3HaYCHUsA, HaIIpUMED, Ha CUJIbHO 3arpPy>KE€HHbIX

cepBepax TeJIeKOH(EPEHITHIA.

JlpyruM nmpuMepoM MUKPOSIIEPHOM CHCTEMBI PeaibHOIO BPEMEHHU sIBJISIETCSI TPaHCIbioTep. Ammapar-
HO peajn30BaHHOE MUKPOSIPO TPAHCIBIOTEPA COJIEPYKUT MJIAHUPOBIINK C JABYMS YPOBHSIMU NPUOPHUTETa U

CpeICTBa sl TIepegatin COODIIEHN 110 TMHKAM.

Mukpostipo UCIoJib3yeT psij Apyrux coBpeMeHHbIX u Oyaymmux OC, manpumep, UNIX System V R4,
Workplace OS dupmor IBM, npoekt HURD u paspabarniacmas Hosas sepcuss BSD UNIX.

Hanporus, cucrema Windows NT dupmer MicroSoft, mo npusnannio ee pa3spaboTUNKOB, HE ABJISETCI
TIOJTHOCTBIO MUKPOsiepHOil. K cokajieHuIo, aBTOPbI HE CMOTJIN ITOHSITH HA OCHOBE OOIEI0CTYITHOMN JJOKYMEHTa~
MK, KAKOBa YK€ ee apXUTEKTypa U 9eM oHa oTiandaercs oT monoauTHoit OC, ¢ 0aHOM CTOPOHBI, 1 MUKPOSIIIPA
— C ApPYTIo.

CymectByeT HECKOJIBKO 0bIieocTyHbix (public domain) peajmsanuii MHOrOIIPOIECCOPHOIO MUK-
posimpa, HampuMmep, paspaborannoe B YHuusepcurere bepkim mukpogapo Mach. Cucremsr WPOS n HURD

pa3pabaTbIBAIOTCS UMEHHO Ha OCHOBE ITOI'O siIpa.
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Buenmnme ycrpoiicTBa

Kpowme nenTpasbHOro mporeccopa u OmepaTUBHON MAaMITH, KOMIbIOTEPHBIE CUCTEMbI OOBITHO OCHAIIAIOTCS
TEeMU WM UHBIMHU BHENIHUMHU ycTpoiicTBamu. lIpexkjie Bcero cpenu TakuxX YCTPOWMCTB CjedyeT yHOMSHYTh
MEXaHU3MBbl B3aMMOJECUCTBUA C IIOJb30BaTEJIEM, & TaKzKe JOJI'OBPEMEHHBIC 3allOMHUHAIONIE YCTPOHCTBA —

JUCKH, JIECHTOYHbIC HAKOIIUTEJ I 1 T.O.

C (byHKHI/IOHaJIbHOfI TOYKHU 3pEHUAd, BHEIIIHNE YCTpOﬁCTBa, IIOAKJ/JII0OYaeMbI€ K COBpEMEHHBIM KOMIIBIO-

TepaM, MOXKHO pPa3Je/INTh Ha CJICyIOoInue KaTeropuun.

e YcTpoiicTBa BHEIIHEN MaMsiTH, KOTOPBIE B CBOIO OU€peIb, MOXKHO Pa3/eIuTh Ha JBa KJAcca:

— YCTPOWCTBA MaMSATU C IPOU3BOJILHBIM JIOCTYIIOM, IVIABHBIM 00pa30M MaruuTHble jaucku. K sTomy
JKe KJIaCcCy OTHOCATCS JMCKETBI, MarHuToonTndeckne n ontmdeckue nucku. (He Bce ycrpoiicTsa
JIAHHOTO THIIA ABJsoTC nuckamu. Hanpumep, B 60-e u 70-e roJibl CyIiecTBOBaM MarHUTHBIE Oapa-
6aHbl, B KOTOPBIX KaXKJIOMY JIOTMYECKOMY CEKTOPY COOTBETCTBOBAJIA OJHA JIOPOXKKA Ha bapabane u
OJiHa IOJIOBKA uTeHus-3almcu. Takue ycTpoiicTBa obecrieanBasu ropasao 60see BbICOKYIO CKOPOCTh
JIOCTYyTIa, 9eM TOTJIAIIHIE MArHUTHBIE JUCKH, XOTS U ObLIM HAMHOIO 0oJiee JIODOTUMU B pacyere
Ha KHJI00AHT eMKOCTH). YIauHbIM YHUBEPCAJIbHBIM OOO3HAYEHUEM JIJIs 9TOIO KJacca yCTPOICTB
siBJIsieTCst npuHsToe B jokymMenTanuu dupmbl IBM cokparmenne DASD (Direct Access Storage

Device — zanomuHaromee ycTpoiicTBO IPSIMOTO JIOCTYIIA);

- yCTpOﬁCTBa IaMATU C ITOCJIEeJOBATEIbHBIM JIOCTYIIOM. B OCHOBHOM, 3TO JICHTOIIPOTA>KHBIC yCTpOIU/I—

crBa (CTpUMEDBI U Jp.).

e YCTpoiicTBa TOCIEIOBATEILHOIO BBOJIA,/ BBIBOJIA: TI€YATAIONIME YCTPOHCTBA, TEJIETAMIbI, TEPMUHAIBI U

T.JI.
e BekTopHuble n pacTpoBbie Tpaduieckne TePMUHAIDL.
e [lo3unuonnble ycTpOHCTBa BBOJA: MBIIIH, MJIAHIIETHI-TUTATAN3EPbI, CBETOBLIE TIEPhs U T.JI.

e CereBnle aJlallTepPhbI.

87
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e YcrpoiicTBa 3ByKOBOIO BBOJIA/BBIBOJIA.

e YcrpoiicTBa rpaduueckoro BBOJA/BbIBOJA: CKAHHEPBI WM BUJIEOIEKOEDh (BBOJ), IJIOTTEPDI, rpadu-

YJeCKue MMpuHTEePpbl NI BUICOKOIAEPbI (BBIBO,H).

e Crenmajn3npoBaHHAasT KOHTPOJIbHO-I3MEPHUTEIbHAS AllllapaTypa.

7.1 O630p cylIecTBYIOINAX

BHEIITHUX yCTPOMCTB

Ucropuyeckn OJHUM U3 HEPBBIX MEXaHU3MOB B3aUMOJEWCTBHUsI C MOJb30BaTeeM ObLI Teseraiin. Teeraiir
IIPEJICTABJISIET CODOM DJIEKTPUUIECKYIO MUIITYILYI0 MAIIMHKY, KOTOpasi MOXKeT IedYaTaTh CUMBOJIBI, JUOO BBO-
JUMBIE C KJIABUATYPHI, JTUOO IepeaBaeMble eif 10 MPoBoIy. TaKue MAITUHKY UCIIOJIb30BAJIUCH IS IepeIadn
renerpamm B CIIA emme 10 BTopoit MUpOBOil BOWHBI, I03TOMY B H0-€ IT. TejeTaiin ObLI OYeHb PACIIPOCTPa-

HEHHBIM allllapaTOM.

Teneraiin mpuHUMAaET U TepeIaeT O MPOBOTY MOCIEIOBATEILHOCTH JIBONIHBIX 3HAUEHU — 6uToB. B
PAHHUX MOJIEJIAX KOJ OJHOI'O CHMBOJIA COJEPIKaJ TOJbKO 6 6uT. [Ipn momomu 6 6uT MOXKHO IpeacTaBuTh 64
Pa3JIMIHBIX 3HAYEHHUsI, Yer0 ¢ TPYJOM XBATAeT JIJIs KOJMPOBAHUS YIIPABJIAIONINX KOJOB ([IepeBojia KapeTKH,
KOHIIQ TIepeJIadn U T.J1.), aHIMACKIX OyKB BepxHero perucrpa u mudp. [Ipuvepom Takoii KOJUMpOBKY sIBJIsi-
ercst 6-6utHast Tesierpaduas komaupoka RADIX, mo3Bosisiiolasi MpejicTaBuTh CUMBOJIBI BEDXHETO PETUCTPA,

nudphl 1 3HAK ’$’, a TaKkKe 3HAKU MPEIUHAHUS, TPODES U TEPEBOJI CTPOKH.

CymtecTBoBaHue 6-OMTHBIX CUMBOJIOB OKa3aJ10 BO3JIECTBIE Ha apXUTEKTYPY HEKOTOPBIX MAIUH TPe-
Thero nokoJsienust. Hampumep, B 24-paspsagabix Mamubaax juauu ICL 1900 ecrs nousarue 6-6urHoro 6Gaiira.

DTO0 MOHATHE YHACJIEI0BAJ U pacipocTpaHeHHblil B HcTuTyTe stmeproit pusuku OfpeHok.

B 60s1ee coBpeMeHHBIX TejeTaifllaX UCIOJIb3yeTCs 7- WM 8-6UTHas KOIUPOBKA, MO3BOJIAIONIAs KOIM-
pOBATh HE TOJIBKO BEPXHUII PErucTp ajihaBuTa, HO U HUXKHUI, a TAKXKE PA3JIUIHbIE YK30TUIECKUE CUMBOJIBI
Bpojie bUrypHbix ckoboK. IIpumepom Takoit KOIupoBKH siBjsieTcst mupoko u3sectHbiii ko ASCIl (American
Standard Code for Information Interchange — Amepukanckuii crangapTHbIH KO MH(MOPMAIIMOHHOTO OOMEHA).
8-OMTHAsT KOJIMPOBKA MMO3BOJISIET IPEICTABIATE He TOJBKO Habop cuMBojioB ASCIl, HO 1 cuMBOJIBI HAIIMOHAJTB-

HBIX a/I(paBUTOB, HAITPUMED, KUPUJLIUIIDL.

HezaBucumo oT KoaupoBKHU 00bIYHBIN asidaBuTHO-1IMMPOBON TepMuHas, Takoil, kak vtl00 win
IBM 3270, ¢ Touku 3peHust KOMIILIOTEPa HUYEM HE OTJIMYAETCHA OT TeJIeTafiia — 9T0 TOXKe YCTPONCTBO, epeia-
IOITee U MOJIYYaIoIee 110 MOCAeI0BATE/ILHON JIMHUY JBOMIHBIE KOJ/IbI. Kak MpaBuiio, Takue TepMIHAJIBI TOMU-
MO aJihaBUTHO-ITUMPOBBIX U IPOYUX MIEYATAEMbIX CUMBOJIOB yMEIOT 00pabaThIBATD CIIEIUAIbLHBIE KOMAHIHbIE
[IOCJIEIOBATEILHOCTH: TIO3UITHOHUPOBAHIE KyPCOPA, OYMCTKA SKpaHa, IPOKPYTKA IKpaHa, H3MEHEHHUE SPKOCTU

cuMBoJIOB U T.71. B GosbmmncTee cucrem (Unix, VMS) rereparnusi Takux KOMaHJIHBIX [TOCJIE0BATEILHOCTEH
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BOBJIaraeTcs Ha MPUKJIaIHyo mporpammy, a OC BBITOIHIET TOJBKO Hepeaady chbOpMUPOBAHHBIX KOMAH HA

TEPMUHAJL.

J1J1st IONKJTIOUEHUS TePMUHAJIBHBIX YCTPORCTB ObLI pa3paboTan MPOTOKOJI IIePeIadn JBOUYHBIX JAH-
HBIX 110 TI0cIeoBarebHol i RS232 (Recommended Standard #232). Dtor npoTokos onpeesisier
3JIEKTPUUECKHE TTAPaMETPhl YCTPOMCTB, BLIMOJIHSIIONINX HEMOYJIMPOBAHHHYIO IME€PEIady JTAHHBIX 110 BUTO
mape IpoBOJIOB WJIH II0 JBYM TakuM mapam. HemomynupoBanHnas nepejiada 03HAYAET, ITO OUTOBBLIE 3HATEHUS
Iepe/IAI0TCsl CTPOrO TIOCIIe/I0BATENBHO 1 OUTY 1 COOTBETCTBYET BBICOKOE Hampsizkenne (00braHo 5 B.), a 6ury

0 — nuskoe (06brano 0).

Takast mepeada OTHOCHTEJBHO MIPOCTa, HO OTJIMYAETCs HU3KOHM 3aIuIeHHOCThIo oT momex. CraH-
mapr RS232 onpenenser oauH U3 MPOCTHIX CIOCOOOB 3AIIUTHI OT IIOMEX — Iepelady BMecTe ¢ KazKIoil Iop-
npeil JaHHBIX TaK Ha3bIBAEMOI'0 OMTa YeTHOCTU. Ammaparypa IepelaTduKa yCTaHaBJIMBAET 3TOT OUT Tak,
9TOOBI O0IIee YUCIO €IUHUIL B ITOCHLIKE ObLIO YeTHBIM MJIM HEYETHBIM, B 3aBUCUMOCTH OT JOTOBOPEHHOCTH.
DTO0 HO3BOJIAET OOHAPYKUBATH OIMMOKM IIPH Iepeiade, HO He IO3BOJIsIeT WX HCIPaB/sTh. VcmpapieHue B
TaKOM CJIyUae BO3JIaraeTcst Ha IIPOTOKOJI 00Jiee BBICOKOIO ypoBHsi. Hampumep, HEKOTOPBIE TEPMUHAJIBI MOTY'T
3aIPOCUTH MOBTOP ommubounoro Gaiira. [Ipu nepeade no nporokosty SLIP (Serial Line Internet Protocol) Bme-
cTe ¢ maKeToM JaHHbIX epenaercst KoHTposibHbll Koj CRC (Cyclic Redundancy Code — nukimueckuii

u30BITOYHBII KOJI), KOTOPBI O3BOJISIET UCIIPABJIATD €IMHUIHbBIE, a UHOT/A U MHOXKECTBEHHBIE ONITHOKU.

g nepefadyu 1o JAJIMHHBIM JIMHUSM, OCODEHHO 10 TesleOHHBIM KaHaJaM, UCIOJIB3YIOTCH CIIEIU-
aJbHbIE YCTPONCTBA — MOAEMbI (MOIYJISITOP /AEMOYJISITOP), Ipeobpasyoliye nepeiaBaeMble 3HATCHIUS
B 3BYKOBO¥ CHUTHAJI PA3JIMIHOTO TOHA. MomeMbl, KaK MPaBUJIO, YMEIOT He TOJBKO MIeJaTh MOIYJIMPOBAHHYIO

repejiadty, HO U JIO3BAHUBATHCS JI0 33JIAHHOTO Tesie(DOHHOTO HOMEDA.

B nacrostiiiiee Bpemst mopThl RS232 ucnosib3yroTest sl MOJAKIIOUEHHST IITTPOKOTO CIIEKTPa, pa3IHIHON
HU3KOCKOPOCTHOM anmaparypbl. C UX MOMOIIBIO MOIKJIFOYAI0TCS MBI, MOJAEMbI, PA3INIHAS N3MEPUTEBHAS
armmaparypa, Jaxe npuHaTepsl. [IpakTudecku Jji0basi COBpeMeHHas BBIYUCIUTEIbHASI CUCTEMA UMeeT HECKOJIb-
KO mocyenopareabibix nmopros. Hampumep, B IBM PC noxy MS DOS mnociienoBarebHble TOPTHI BUJSHBI KaK
yerpoiictBa COM ¢ coorBercTBytomuM rHomepoMm. Cuctema UNIX masbiBaer Te ke moprtol /dev/tty, Toxke
HomepoM. Coepemennbie RS232-10prThl 0beciieunBaioT nepegady Ha ckopoctsix 1o 115 kBox (kumobur B ce-
KyHLy). CylecTByIoT Tak>Ke 60jiee CKOPOCTHBIE CTaHIAPTHI, CBePXy BHU3 coBMecTHMble ¢ RS$232, Hanpumep,

RS422.

C TouYKHM 3peHust KOMIBIOTEPA AJAITED MOCIEIOBATEILHOIO IOPTA MIPEJICTABJISIET CODO yCTPOHCTBO,
MOJIKJTFOYEHHOE K CUCTEMHOHN IMUHE. DTO yCTPOUCTBO MMEET OJMH W/ HECKOJBKO YIIPABJISIONIUX [TOPTOB, &
TakKe OalTOBBIN MOPT JaHHBIX. [IopThl OTOOpaXKeHbl Ha ajpeca MaAMATU WM HAXOMATCH B CIEIHAJILHOM
aJ[PECHOM IIPOCTPAHCTBE BBOJIA/BBIBOJIA B 3aBUCUMOCTH OT apXUTEKTYDPhI IPoIeccopa. Ajanrep MOxKeT reHe-

PUPOBATDH NPEPHIBAHUE ITPU TOJIYIEHUH OYEPETHOr0 OaliTa UIN MPU 3aBEPIIEHUN [I€PEe/Iadu.

Hexoropnre muoOTOIIOpTOBRIE I1aThl, HanmpuMep agamntep DL-11 dupmbr DEC, moryT copacbiBars mo-

JiydaeMble JaHHble B 3aJIaHHYIO 00JIaCTb ITaMsTH, HE IpepbiBasg PabOTy IEHTPaJbHOIO IPOIECccopa, WJIH,
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HA00OPOT, TTepelaBaTh B TOPT 3a/JaHHOE KOJMIECTBO JAHHBIX W3 TMAMSITH, HAUWHAS C 3aJa@HHOTO aJIpeca.
[Ipu sTOM TEHTpATBHBIN MPOTECCOP JOMKEH TOTBKO 3alPOrPAMMUPOBATH YCTPOWCTBO Ha MPUEM WJIH TIepe-
nady. Takoil pexxum paboTsl HasbiBaeTcs MPAMbIM goctynom kK namstu (ILJIIT) u gacto mcnosb3yercs
B yCTPOICTBaX, MEPEIAIONINX OOIbIINE 00bEMBI JAHHBIX, 0OCOOEHHO B JIUCKOBBIX KOHTpOJIepax. CiioBocoue-

ranue ITJIIT — 510 Kasnbka ¢ anrmosapianoro repmua DMA (Direct Memory Access).

Jist mopkIiouenus 0oJjiee CKOPOCTHBIX YCTPONCTB, HAIIPUMED MPUHTEPOB WM JIEHTOIIPOTSIKEK, HC-
MOJIB3YIOTCST TIapaJijiesibHble TOPThI. B COBpeMEHHBIX CHCTeMaxX OOBITHO HCIOJIb3yercst craHgapr de-facto,
u3BecTHBIN Kak Centronix. B mepBoM mpuOJ/IMKEHNN TaKOi IOPT IIPEICTABIISIET CODOI BOCEMB TIOCJIE0BATE b~
HBIX JIMHU, B 9JIEKTPUIECKOM OTHOIIEHUU OYeHb MOX0KuxX Ha RS232, u mpoBoma, 10 KOTOPBIM MEPEIAI0TCsT
CHHXPOHUBAIIMOHHBIE CUTHAJIBI. [[OHATHO, 9TO Takas JUHUs OyIeT 10 KpaiiHeil Mepe B BoceMb pa3 ObIcTpee,

qeM HOCHG,ZLOB&TGJIBHBIﬁ IIOPT.

YacTo CKOpOCTh Mepefatdn Mo MapajeIbHOMY MOPTY OKa3bIBAETCH HEIOCTATOUHON, HAIPUMED, ITPHU
rmevaTu u300pakeHuil Ha JazepHOM mHpuHTepe. s perenus 3Toil mpobJieMbl CYIIECTBYIOT CIIEIMAJIbHBIE

BBICOKOCKOPDOCTHBIE aJallTePhI, IIOAKJ/II09aeMble HEIIOCPEJICTBEHHO K CHUCTEMHOI HINHE KOMIIbIOTEDA.

Boobme, ycrpoiicrBa, paboTarorime ¢ BHICOKON CKOPOCTBIO, YaCTO UMEIOT COOCTBEHHBII KOHTPOJLIED,
MTOJIKJTIOYAeMbIil HEITOCPEJICTBEHHO K CUCTeMHOI muHe. Hampumep, B KOMIBIOTEpaX TPETHErO IOKOJIEHUS W

HHN>Ke TaKNM o6pa30M JaCTO IIOAKJIIOYaJIMCh MalrHUTHbBIC JUCKU.

HO,ELKJHO‘IGHI/IG yCTpOI';ICTBa HEIIOCPEACTBEHHO K CUCTEMHOI IITMHE UMEET JIBa CEPbE3HbIX HE/I0CTaTKa.

e Takoe yCcTpOHCTBO MOYKET MOJKIIOUATHCSI TOJBKO K KOMITBIOTEPAM C OMPEEIEHHBIM THIIOM TIHHBI. DTO
MOYKET He Ka3aThCsA HEJOCTATKOM, €CJIH MBI IMEEM JIEJIO TOJBKO C MOHOKYILTYPOH OJMHAKOBBIX CUCTEM,
unanpumep IBM PC AT, ¢ mmunoit ISA. Eciu e y HAC TOSIBISIETCST HECKOJBKO JPYTUX CUCTEM, CKAZKEM
microVAX, Sun, Macintosh unu xorst 661 x86 ¢ munoit EISA, nnu PCl, uin Boobuie EC-184X ¢ coBerckum

CTaHJIapTOM IMIHNHBI, IIOXO2KUM Ha |SA7 HO OTJIMYaIONIUMCsd OT HET'O — Cpa3y Ha1MHaIOTCA TPYAHOCTHU.

o 151 MOAK/TIOUEHHST YCTPORCTBA HEOOXOINMO BCKPBIBATH KOMITBIOTEP. B HEKOTOPBIX CiIydasx, HaIpuMep,
eCcJIi MAIlliHA IIPeIHa3HAYeHa /st pabOThI B IPOMBIIIJIEHHBIX [[€XaX U UMeeT TePMEeTHIHBIN KOPILYC, 9TO
IIpEeBpAIAeTCs B MeJIyIo dmoneio. Boobie, cucremMuast mnHa — 1610 TOHKOE, U BKJIIOYATDH B Hee COMHU-
TeJbHOE yCTPONCTBO, paspaboTaHHOe HEM3BECTHOW TpeTbheil pupmoil, 1acTo OBIBAET MIPOCTO CTPAIITHO.
[TosToMy MHOTHE KOHTOPBI, 3aHUMAIONINECS TAPAHTHITHBIM PEMOHTOM MAIINH, OTKA3BIBAIOTCS IMHUTH

MalllMHBI, B KOTOPbIE CTaBUJINCHh HEU3BECTHLIE IIJIAThI.

J1J1sT INCKOBBIX KOHTPOJLIEPOB CYIIECTBYET eIre OHa Ipob/ieMa — JUCKOBBI KOHTPOJLIED JJTsT MAIIIH-
HBI TPETHEr0 TOKOJIEHNUST IIPEICTABIISIET COOO CJIOKHYIO CUCTEMY, CPDABHIUMYIO 110 CJIO?KHOCTH C ITEHTPAJIbHBIM
rporteccopom. C OIHO#N CTOPOHBI, KOHTPOJIIED YIIPAB/ISIET MIATOBBIME JIBUTATEISIME OJAYIH MATHATHBIX [OJIO-
BOK, (POpPMUPYET MOYIUPOBAHHBIN CUTHAJ JIJIs 3aIUCH HA MATHUTHYIO IIOBEPXHOCTD, COUMHSIET NH(MOPMAIIHIO,

3aIMCHIBAEMYIO B 3ar0JIOBOK M KOHEIl KaxKJoro 0Jioka Ha jucke, u T.7. C Japyroii cropoubl, on Oydepusyer
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CUYUTBbIBA€MbI€ U 3allMCbIBa€MbI€ JJaHHbIEC, AeJIaeT UX IIepeJady B OCHOBHYIO ITaMATDH I10 H,Z[H " OCyHaieCTBJIdAET

BCe B3auUMO/IeliCTBUE C IIEHTPAJIbHBIM IIPOIIECCOPOM.

[Tostromy errie B 60 IT. MOSIBUINCH PA3JIMIHBIC CTAHIAPTHI J1e-PaKTO, TTO3BOJIAIONINE OTHOMY JTUCKOBOMY
KOHTPOJIJIEPY PaboTaTh C Pa3IUYIHBIMU JIMCKOBOIAMU. TakK, OMHU U Te 2KE JUCKOBLIC HAKOIUTEJU MOTJIH
HCIIOJIB30BaThCsT KakK ¢ MaitHdpaitmamu ¢pupmbr IBM, Tak u ¢ cyneprommbiorepamu Cray wiaun CDC, unn ¢

VAX-11/780. A KOHTpOJLIEP JMUCKOBOIi II0JICUCTEMBI IIOCTABIISIICS BMECTE C KOMIIBIOTEPOM.

Takast oprasusalns IMCKOBOM IOJCUCTEMbBI HCIIOAb30BaIach U B paHaux mogenisx IBM PC. Nmerorcs
B BUy Tak HasbiBaeMble MFM-BumdecTepsl, y KOTOPLIX O0JIbLIAS YACTh YIPABJISIONIEH 9JIEKTPOHIKHI PACIIO-

JIOZK€Ha Ha IlJIaTe, HO,ZLKHIOqaeMOfI K CHUCTEMHOI IIIHHE.

OHAKO 9TEKTPOHUKA MPOTPECCUPOBAIA OYEHb OBICTPO, W KOHTPOJLIEPHI JIEIIEBEN TOPA3I0 OBICT-
pee, gem Mmexanuka. [losromy B 80-e¢ I'T. BBISICHHIOCH, ITO CTOMMOCTH KOHTPOJIEPA HAMHOTO HUXKE CTOU-
MOCTH CaMoTo auckoBoma. OKa3aaoch mMerecoodpa3HbiM MEPEHECTH BeCh KOHTPOJIIED Ha ILIATY, IPUBUHYIEH-
HYIO K KODPIIyCy JHCKa, & K CHCTEMHOIl IMHHE MOJK/II0YaTh TOJbKO orHocuTesabHo mnpocroii HBA (Host
Bus Adapter — aganrep munbl «xo3duHay ). Hanbosiee IpoCcThbIM IPUMEPOM TAKO# OPraHU3aIUN SIBIIAIOT-

cst qucku IDE (Integrated Drive Electronic), ucnionb3dyembie B GOJIBITMHCTBE COBPEMEHHBIX JIEIIEBBIX KJIOHOB

IBM PC/AT-AT386.

Bonee passutoit apxuTekTypoii TaKOro Thia 006J1aai0T yCTPOCTBa, BhINoIHEHHBIE B cTanapre SCSI
(Small Computer System Interface — unrepdeiic [11s1] MaIBIX KOMIBIOTEPHBIX CUCTEM, YATAETCS «CKa-
su'"). SCSI npejcrasiisier cob6oil BHICOKOCKOPOCTHYIO MAPAJIIEJIbHYTO MIHHY, K KOTOPO MOXKET MOJKJII0IaThCST
J10 cemu ycrpoiicts. [1o 9Toit mmHe 1mepearoTcst BBICOKOYPOBHEBBIE KOMAH/IbI, HAIIPUMED — BBIIATH COCTOSI-
HIE yCTPOHCTBA, IIEPEBECTH CUNTHIBAIONLYIO I'OJIOBKY K 33 JaHHOMY CEKTOpY'; cunTarh 6/10K nanubix. Cucrema
KOMAH/I JIOCTATOYHO IMUPOKA, YTOOBI K 3TON HMIUHE MOXKHO OBLIO TMOAKIIOYATH HE TOJHLKO MArHUTHBIE JUCKH,
HO U JIEHTOIIPOTSI?KKU, OITUIECKIE JIMCKOBOJIbI U JIaKe YCTPOHCTBA, BOOOIIE HE SIBJISIOIIHECs] YCTpOicTBaMu

BHEIIHEH TaMsITH, HAIIPUMED CKaHEPhI, WU Jlazke ceTeBble ajanTepbl Ethernet.

Yerpoiicrea SCSI GpIBAIOT ABYX THUIIOB — yCTaHABINBAaEMble BHYTPH KOPITyca KOMIBIOTEDA W BHEIII-
Hue. BHelrHre ycTpoiicTBa UMEIOT CBOI KOPIIYC, CBO# OJIOK IMUTAHUS U JIayKe CBOU CETEBOU IMIHYD, MOITOMY
OHU 3aMETHO JIOPOXKe BHYTPUKOPITYCHBIX. BHeImHne ycTpoiicTBa OYeHb MOJIE3HDI, €CJIM BHYTPU KOPITyca Ma-
JIO MeCTa, KaK B c/lydae HACTOJbHBIX pabouux cranimii Sun nau x86 - low profile. CoorsercrBento ecthb nBa
tuna kabeseit SCSI — jyist BHEMTHUX YCTPOHCTB (KPYIUIblii Kabesb, 3aK/IOUYEHHbI B 9KpaH 1 0OOJOYKY U3
TOJICTOI TJIACTMACCHI) U Jijisi BHYTPEHHUX — OOBIYHBIH ILIOCKUI KabeJib, BHEIHE IMOXOKHUH Ha Kabesu st

nogkrodenns |IDE-muckoB u JIonioBoioB, HO HAMHOTO IITHPeE.

BoJIbIIMHCTBO COBPpEMEHHBIX pabOIMX CTAHITNI M MOIIHBIX [IEPCOHAIBHBIX KOMIIbIOTEPOB nMmeroT SCSI-

aJlarTepsbl.

FOBOpSI O CTaHJapTaX INOAKJ/JIIOYECHNA BHEITHUX yCTpOfICTB, HeJIb34d He YIIOMAHYTDHb O Pa3/JIMYHbIX CTaH-

1SCS| UCIIOJIB3YyeT HHHeﬁHyIO aJIpecaluio CEKTOpPOB, T.€. HyJ'IeBOI71 CEKTOp BTOpOfI JAOPOZKKHU UIET Cpaly 3a HOCJICJHUM CEKTOPOM

epBOi ! T.n,.
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JApPTHBIX IIHHAX [JIsI U3MEPUTEJbHON anmnaparypbl, Hampumep, o crangapre CAMAC. DTor craHmapT o
CBOEl CTPYKType MOXO0XK Ha CHUCTEMHYIO MIMHY KOMIIBIOTEPAa ¢ HU3KON IIPOU3BOAUTEIHLHOCTHIO. Bosiee Toro,
CYIIECTBYeT KOMIBIOTED ¢ Takoi cuctemuoil muHoit: n3BectHblit B A DPe OgpeHok. OgHako GOTBITIHCTBO
KoMIbI0TepOB mojikIiodaeTes K muHe CAMAC gepes 6osee nin menee cioxkubiit HBA. Cymecrsyer u psin

JIPYIUX CTAaHIAPTOB MaruCTPajibHO-MOAYJIbHOM annaparypbl — VME, Multibus u ..

Creyer 4eTKo pasjessiTb MarucTpajbHO-MO Ty ibHbIe cTanaapThl, Takue Kak CAMAC, VME nim SCSI,
u crafygaptel cucremuoil munnl ISA, EISA, MCA, VLB, PCl just IBM PC u ee knonos, NuBus st Macintosh
UNIBUS u Q-bus misa rexuuku ¢upmsr DEC: PDP-11 u cemeiicrsa VAX.

CucremMHasg 1muHa apejacTaBjIdeT co0oi1 crocod HEIMOCPEACTBEHHOT'O ITOAKJ/IIOYCHN A YCTpOfICTB K IOeH-

TpaJibHOMY TIporteccopy. [loaroMmy Takue mHTEPGENHCH OTINIAIOTCS:
® BBICOKOI CKOPOCTBIO IIepe/ladn;

® IIPOCTBIM JOCTYIIOM CO CTOPOHBI IIEHTPAIBHOTO Iporieccopa. Kax roBopmioch BBIIIE, IIPOIECCOP OOBITHO
BHUJIUT YIIPABJISIONINE PETUCTPHI YCTPOMRCTBA KaK HECKOJIBKO 6ANTOB M/IH CJIOB B &/IPECHOM ITPOCTPAHCTBE
HaMSATH WM CIEIUAJbHBIX aJpecaX BBOJA/BLIBOIA. B mepBoM ciydae jist oOpalleHns K yCTPOHCTBY
MOKHO HCIIOJIb30BATD JIIOObIE KOMAHIbI PADOTHI C MAMSTHIO, & BO BTOPOM ITPOIPAMMUCT JTOJI?KEH ITOJIb-

30BaThCS CIEIUAJLHBIMI KOMAHIAMHU in u out, KakK B mporeccopax dupmol Intel;
® HU3KOI MOMEXOYyCTONYMBOCTHIO U HU3KUMU MOPOTaMU 1O HAIPSI?KEHUIO U TOKY;

e CioXKHOCTBIO. HacTo JIst TIOJTHOTIEHHON peasin3aliii TOr0 WIH WHOrO HHTepdeiica HeoOXOIUMBbI CITEIH-

aJIbHBIE 3aKa3HbIe MUKPOCXEMbI, KaK Jijisl ycrpoiicTs B cranapre muabl NuBus dupmbr Apple);

® OpueHTaIlell Ha apXUTEKTyPY KOHKPETHOI'0 KOMITBIOTEpa WM ceMeiicTBa KOMITbIoTepoB. Hampumep, pe-
aJin3oBaTh HHTEpPdEc s MOIKII0YeHrs ycTpoiicTBa B ctangapre Q-bus x muue IBM PC npaktudeckn

HEeBO3MO2KHO.

MarucTpaabHO-MOJ Y IbHBIE YCTPOWCTBA, KaK MPABUJIO, TIOIKIIOUAIOTCA K IEHTPATBHOMY POIECCOPY
yepes HBA. Ckopoctsb pa6oTsl Takoro untepdeiica MoXKeT ObITh HEHAMHOTO HUYKE, 9eM Y CUCTEMHOMN IITUHbI,
ocobenno B ciaydae VME mau SCSI, HO mocTyn K ycrpoiicTBaM U3 IIPOIECCOPaA OCYIIECTBIIAETCA HE HAIIPS-
MYIO 9Yepes3 aJIpecHOe MPOCTPAHCTBO, a IyTeM nporpamvupoBanus HBA. JIro6onbITHO, YTO TaKOe KOCBEHHOE
NPOrPAMMUPOBAHUE MOXKET B UTOr€ OKA3ATLCS IPOIIIE MPSIMOT0 IIPOrPAMMUPOBAHKUS KOHTPOJLIEpa, 0COOEHHO

eciu HBA xoporrio ciipoekTupoBaH.

Hekoropsre HBA marmcerpaabHo-MOTYIBHBIX CHCTEM, OJTHAKO, OTODParKAIOT YIPABJISIIONINE PETUCTPHI
YCTPOUCTB B aJipecHoe mpocTpancTBo mporeccopa. st VME n gaxke st CAMAC cymecTBYIOT Jlaske CIiera-
JIN3UPOBAHHBIE MAITHHBI-KOHTPOJIIEPEI, ¥ KOTOPBIX CUCTEMHAS TITIMHA, COBITAIAET C TPEOYyeMbIM HHTEPMEHCOM.
[TousiTHO, 9TO /1T MAITUHBEI OOINEr0 HA3HAYUEHUsI TAKOW MOMXOJ, 4aCTO MOXKET OKA3aThCsT HEPUEMJIEMBIM,
HAITPUMED, TIOTOMY YTO MOTPeOyeTCsl BBIJIECIUTH OKHO B HECKOJBKO MerabaiiT B (pU3MIECKOM aJIPECHOM TTPO-

crpaucrse B 16 M (IBM PC AT386/ISA) mti mpocTo 110 CTONMOCTH.
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CraHgapThl MOXKHO TaKyKe Pa3JIe/uTh M0 MPUHITAITY: OTKPBITHIN cTaHmapT win dpupMmenusii. Hampu-
Mmep, crangapT NuBus seasercs dupmennbiM cramgapTom Apple,  TOJy9IUTDh €r0 OMUCAHNUE W JIHIEHINIO
Ha MprobpeTeHrne COOTBETCTBYIOMUX MUKpOcxeM He Tak To mpocto. CranmapTet xke SCSI nan CAMAC nmostao-
CTBIO OTKPBITHIE, T.€. JIIOOOH MOYKET MOJIYIUTD MOJHYIO JIOKYMEHTAINIO U CO3/IaTh COOCTBEHHOE yCTPOHCTRO.
Ecnn ero unrepdeiic coorBeTCTBYET JOKYMEHTAIIH, TO OHO OyJeT pabOTATh COBMECTHO C JIIOOBIM «ITPABHIhH-
ueiM» HBA. Kak mpaBusio, OTKpBITbIE CTAHJIAPTHI CO3/AIOTCS B UCCJIEOBATEILCKUX MEHTPaX, (HAIPUMED,
CAMAC 6bu1 paspaboran B CERN) mwin pazpabarbiBaloTCst IPABUTEIbCTBEHHBIMU WJIH MEKIIPABUTEIHCTBEH-
HbIMHU opranuzarusmu. OHAKO WHOTIa U (DUPMBI JeJIal0T CBOM BHYTPEHHME CTAHIAPTHI OTKPBITHIMU, KaK

970 TpousoIIo co crangaprom SCSI.

OTKpBITHIE CTAHIAPTHI OCOOEHHO BBITOMHBI HEOOJIBITNM (PUPMaM U KOMaHJaM pa3pabOTInKOB, Y KO-
TOPBIX HET JeHer Ha MPOTAJKHBAHUE HA PBIHOK «(MUPMEHHOW», HM HA UTO HE IOXOXKEHl CHCTEMBI CO CBOUM
nueiipom nepudepuiinbix yerpoiicrs. Hampumep, 3a caer oTkpbIThix crangapTos VME u SCSI seipociia gpup-
Ma Sun Microsystems, HauMHaBIIAs ¢ U3MOTOBJIEHHUST PabOUMX craHIuil Ha mporeccope 680x0 ¢ cucremHOM
muaoit VME. OnHako, Korjga OHU BBIPOCJIH, OHU TYT K€ BBILyCcTHIN paboune crannuu juaun SPARCStation

¢ dupmennoit mmuoit S-bus.

7.2 JIpaiiBepbl BHEIITHUX YCTPOICTB

HpaiiBep (driver) npeacrasisier coboii criennaIn3upOBaHHBIN TPOrPAMMHEBIIL MOJTYJ/Th, YIIPABIAONINIT BHEIII-
HUM ycTpoiicTBoM. paiiBepbl 00eCreunBaiOT equHbIil HHTepdeiic K pa3JndHbIM yCTPONCTBAM, TEM CAMBIM

«OTBA3BIBaS» II0JIB30BATENILCKUE TporpaMMbl U #1po OC oT ocobeHHOCTEN alrapaTyphl.

CroBo driver npoucxoxut or riarosa to drive (BecTm) u 1epeBOAUTCs ¢ AHIIIMACKOTO $I3bIKA KAK

M3BO3YNK WU IT0dep: TOT, KTO BEJAET TPAHCIIOPTHOE CPEICTBO.

Hy»xno ormeTuTs, 94T0 O0JBIMHCTBO «HAacTOATINX» OC 3alperiaioT Moab30BaTEIbCKUM IPOIPaAMMaM
HEIIOCPE/ICTBEHHbIH JIOCTYI K amaparype. JTO JAeJaeTcs Jijis MOBBIIIeHNs HAJeKHOCTA U obecrieueHus 6e3-
OTIACHOCTH B MHOTOIOJIB30BATENILCKIAX CHUCTeMaX. B TakKWX cucremax JpaiiBephl sIBJISIOTCA I MPUKJIATHBIX
[IPOTrPaMM €JIUHCTBEHHBIM CIIOCOOOM JIOCTYIIa K BHEIIHEMY MUDY.

Eme omna Baxkuas yHKIMs gpaiiBepa — 9TO pazfejieHne JIOCTyIa K yCTPOHCTBY B Cpelax C Bbl-
TECHSIOIIEN MHOT03a1auHOCTbI0. JlOMmyCcKaTh OHOBPEMEHHBIN HEKOHTPOJIUPYEMBIH JOCTYI K YCTPOUCTBY /ISt
HECKOJIbKUX TAPAJIIETHbHO UCIOTHSIONINXCS IPOIIECCOB IIPOCTO HEJIb3sl, IIOTOMY UTO i OOJILIMMHCTBA BHEIII-

HIUX YCTPOJCTB J1azke IMPOCTERINIe OepaIiy BBO/IA,/ BBIBO/IA HE SIBJISIIOTCST ATOMAPHBIM.

Hanpumep, B GOJIBITUHCTBE ANMapaTHBIX pean3alluii mocsenoBaTeibHoro mopra RS232 mepesada
GaiiTa COCTOUT U3 YEeThIPEX IAr0OB: 3alUCU 3HAUCHUS B PETMCTD JAHHBIX, 3aIllUCUH KOMAHJIbI <II€PEIABATHY B
PErucTp KOMaH/Ibl, OXKUJIAHUS ITPEPBIBAHUS MO KOHILY IepeJadd U MPOBEPKH YCIEIIHOCTH IepeIadn IyTeM
CUUTBLIBAHUS CTATYyCHOI'O PErucTpa ycrpoiicTa. Hapyrenune nocjie1oBaTe TbHOCTH IIAr0OB MOXKET IIPUBOIUTH K

HeIpeICKa3yeMbIM IIOCJICACTBUAM — HAIIPpUMED, IIepe3alliChb PEerucTpa JaHHbIX ITIOCJIE ITOJa91M KOMaH/Ibl MOXKET
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IIPUBOJUTL K IIepeJavde MCKazKEHHBIX JaHHBIX W T.II.

Henbss Takske 3a0bIBATH O HEIPUATHOCTAX 60JIee BLICOKOI'O yPOBHS — HAIIPUMED, CMEIUBAHUYT BBIBOJIA,
Pa3HBIX [IPOIECCOB Ha IIeYaTH WK YCTPOicTBe BHEIHeH naMsTu. [103ToMy 0Ka3bIBaeTCsT HEOOXOAUMO CBS3aTh
¢ KasKJbIM BHEIIHUM YCTPOMCTBOM KaKOH-TO pas3rpaHudnTeNb JOCTyIa BO BpeMenun. B cospemennbix OC
9Ta (PYHKIUsT BO3JIAraeTcsi UMEHHO Ha Jpaiiep. OOBIYHO OJWH U3 MOJYyJIeil JpaiiBepa IpecTaBisieT coboii
uporecc-monuTop (fork-mportecc 8 VAX/VMS, crparerndeckyro dyukiuro B Unix, 0OS/2 u Windows NT),
BBITIOJIHAIOINI aCHHXPOHHO TTOCTYIAIOIINE 3alPOChl Ha JOCTYIl K ycTpoiicTBy. IToapobHee 3TOT MeXaHU3M

obcyzxkmaercs B pasaenax 7.3.3 u 7.3.5.

Yarrme Bcero JipaiiBepbl SBISIOTCS YaCTbhIO SJIpa CUCTEMbBI, UCIIOJHSIOTCS B BBICIIIEM KOJIbIIE 3allli-
Tl U UMEIOT JOCTYH Ha 3aliCh K CerMEHTaM JIAHHBIX MOJb30BATEIHLCKUX MPOTrPaMM, & YacTO W K JIAHHBIM
camMoro siapa. drobbl m36e:KaTh ITOro, HPHUILIOCH ObI BBLIEIITH KaXKIbIH ApaiiBep B OTIE/JIbLHOE aIpecHOe
IIPOCTPAHCTBO U O0ecIeYnBaTh OOMEH JaHHBIMU MEXKIYy JApailBepoM, SIIPOM M IOJIL30BATE/HCKON IIPOrpaM-
MOl IIOCPEJICTBOM CTAaTHIECKUX Pa3lesseMbX 6y(depoB WM ANHAMIYIECKOIO OTOOpaskKeHUsT OJIOKOB JAHHBIX
MEXKJIy pasHbIMM aJpeCHbIME IpocTpancTBaMu. Oba pelleHus: IPUBOIAT K 3HAYUTEIbLHBIM HAKJIAIHBIM Pac-
X0JIaM, & BTOPOE €Ile U IPEIbSIBIISIET UPE3BBIYANHO »KECTKIEe TPeOOBaHUS K apXUTEKType JUCIeTdepa MmaMsaTh

(mompobHree 3Ta npobiema obcyKaaeTcst B paszeie 9.4.2).

[TosTomy momaBisfoniee GOIBIIMHCTBO coBpeMeHHBIX OC mpemocraBiisieT apaiiBepaM IPaKTHIeCKU
HEKOHTPOJINPYEMBI JOCTYI K JTaHHBIM OJIH30BATENbCKUX 33189 U s/Ipa. JTO 03HATAET, IYTO OIMIHOKA B JIpatii-

Bepe MOXKET IIPUBECTU K Pa3pyIIEeHUIO M0JIb30BaTe/ becKuX nporpamm u camoit OC.

[Ipu oupenesienun unTepdeiica npaitBepa paspaborunku OC MOJKHBI HARTH NpaBUJIbHbBIN OajaHC

Me2K/1y IPOTUBOPECINBBIMUA Tpe6OBaHI/ISIMI/IZ

® CTpeMJIEHHEM KaK MOXKHO CUJIbHEE YIIPOCTHUTh JpaiiBep, YT0ObI 00JIErIUTh €ro pa3paboTKy U (KOCBEHHO)

YMEHBIIUTDHL BEPOATHOCTD OIIaCHBIX OIJ_II/I6OK;

® >KeJIaHHEeM IIPEeIOCTABUTH TMOKWIl M WHTE/JIEKTYaJbHbIN nHTepdeiic K pa3sHoo0pa3HbIM yCTPONCTBAM.

7.2.1 ®OyHKNuu gpaiiBepoB

[TousiTHO, YTO OGECTIEUNTH €UHDIN HHTEpdEHc K pa3HOOOPA3HBIM KATETOPUSIM YCTPOHWCTB, TEPEINCIEHHBIM B
HadaJje pa3jesa 7 10 MeHblIeil Mepe cjiozkHo. Hanbostee painKaibHO TIOJIONLIN K 9TOH 11pobJieMe pa3padoTdu-
ku cucrembl UNIX, pasnenuBiime Bce ycTpoiicTBa Ha JBa Kiiacca: 6JI0YHBIE (BBICOKOCKOPOCTHBIE YCTPOCTBA
[AMSTHU C TIPOU3BOJIBHBIM JIOCTYIIOM, B IIEPBYIO OU€PE/lb JUCKOBBIC YCTPONCTBA) U ITOCJI€0BATEIbHbIE NN

CHAMBOJIbHBIE YCTPONCTBA (BCE OCTAIBHOE).

HpH SKeJIAHHHA MOXKHO ODOHTHCEH TOJIBKO IIocJjieziosaTe/JiIbHbIMHA YCTpOﬁCTBaMH, HO CKODOCTb pa6OTbI ,ZIHCKOBOI7I
IHoZICUCTEMbBI OY€Hb BaKHa JJidd IIPDOU3BOJUTE/IbHOCTH Beert mammubl. UNIX HCIIOJIB3YET pa3JIN4YHbI€ METO/bl

J1IsT pabOThI ¢ pa3HbIMU THIIAMH yCTPOHCTB. Mexanu3m joctyiia K OJI0YHBIM yCTPOHCTBAM IOAPOOHEe 00CY K-
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naercsi B 7.3.4

11T TIOC/IeMOBATEILHBIX YCTPONCTB OIIpeie/ieH CJIeAYIOMi Habop OIepaIii:

e int open(char * fname, int flags, mode_t mode) — mporieiypa HHUIHAIU3AINHE ycTpoiicTBa. Ha-
IpUMep, JJisi JEHTOIIPOTSI’KEK 9Ta IPOIeLypa MOXKET BKJI0YATH B cebsi IepeMOTKY JIEHThI K HAIaIy.
DyHKIA BO3BPAIAET IEJI0UNCICeHHbI naeHTHduKaTop-«py4ky» (handle), qacto Ha3biBaeMblil Tak-
XKe mecKpunTopom daiijia, KOTOPbIit MCIOIB3yeTcsa IPOrpaMMOil TpU BCEX MOCIEAYIOMMUX obparre-

HUAX K YCTPOUCTBY;

e int read(int handle, char * where, size_t how_much) — uTeHme JAHHBIX C ycTpoiicTBa. Eciu
YCTPOICTBO MPUCIIOCODJIEHO TOJIKO Jijisl BbIBOJA (HAIIpUMED, IPUHTED), Ta (DYHKIMs MOKET ObITh

He OIIpeJIesIeHa;

e int write(int handle, char * what, size_t how_much) — 3ammch JaHHBIX Ha ycTpoiictBo. Ecim
YCTPORCTBO MPUCIIOCOOIEHO TOJBKO JIJIsT BBOJIA, (Haan/IMep, 11epdOJIEHTOYHBIN BBOJ MJIN MBIHIB), 3Ta

PYHKINST TaKKe MOYKET OBITh HE OIpeesIeHa;
e void close(int handle) — mpomemypa 3aKkpbITHs (OCBOOOKIEHMsI) YCTPOICTBA;

e int ioctl(int handle, int cmd, ...) — mporeaypa 3aJaHus CIENUAJIHLHON KOMAHILI, KOTOPas HE
MOZKET 6bITI) CBeleHa K OoIlepaludaM YTCHUsA U 3alllCH. Ha60p TaKNX KOMaH/ 3aBHCHUT OT YCTpOﬁCTBa.
Hampumep, st pacTpoBbix rpadUIecKux yCTPOUCTB MOTYT OBITH OIPEIEIEeHbI OIePaIli yCTAHOBKHU
BHUJIEOPEKUMA; JJIST [TOC/IeI0BaTeIbHBIX OopTOoB RS232 3170 MOryT OBITH KOMAHIBI YCTAHOBKH CKOPO-
CTHU, KOJIUIECTBa OUT, 06pabOTKU OUTa IeTHOCTH U T.I., JJIS AUCKOBOJOB — KOMAHIBI (POPMATHPOBAHUS

HOCHUTEJI,

e off_t lseek(int handle, off_t offset, int whence) Long seek — komaHa mepeMereHust roJioB-
KU YTEHHs /3aIKCH K 3aJaHHoi nosunun. HekoTopsie ycTpoiicTBa, HapuMep MOJEMbl WU [IPUHTEPHI,

MOI'YT HE UMETh 3TON (DYHKIUU.

Cinoso long B HazBannm (HyHKINUN MOSIBUJIOCH IO KCTOPUYECKUM TpuauHaMm: B Bepcusix Unix jyrst 16-paspsiabix
MAIIUH WHJIEKC TTO3UIUU He MOT 0003HAYATHCS CJIOBOM, IIOTOMY YTO 9TO OTPAHMYUBAJIO ObI JIOTHYECKYIO JITIHHY
YCTPOUCTBA HEAOIyCTHMO MaJibiM 3HadenueMm 65384 Gaiir. [losTomy HEOOXOIMMO OBLIO MCIOJIB30BATH JBOIHOE

CJIOBO, YTO COOTBETCTBOBaJIO Tully long s3bika C.

e caddr_t mmap(caddr_t addr, size_t len, int prot,
int flags, int handle, off_t offset) Memory Map — orobpakenue ycrpoiicTsa B
aJIpeCcHOe MPOCTPAHCTBO Iporiecca. [lapamerp prot 3aaeT mpapa JI0CTyla K 0TOOPaXKEHHOMY YIacTKY:
Ha YTeHMe, Ha 3aIliCh 1 Ha ucnoJjiHeHne. OTobparkeHrne MOKET IIPOUCXOINTD Ha 3aIaHHbBII BUPTYaIbHBIH

aJIpec, Wk Ke CUCTeMa MOXKET BBIOMpATh apec JJjisi OTOOPArKEHHsS CaMa.
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OT1a QYHKINST OTCYTCTBOBAJIA B CTAPBIX BEPCUSX CHCTEMBI, HO OOJIBITHHCTBO COBPEMEHHBIX CHCTEM

cemeiictBa (BSD 4.4, psin naciennukos BSD 4.3, SVR4 u Linux) mojaep:kuBaior ee.

Peub uyer 06 orobparkeHnn B IaMsTh JAHHBIX, XPAHSIIUXCS Ha ycrpoicTee. s moc/ieJoBaTe/IbHbIX YCTPOMCTB
BBOJIa/ BBIBOJIA, HAIIPHMED, JIJISI MOJIEMOB, 3Ty (DYHKIIMIO HEBO3ZMOXKHO PEAIM30BaTh pasyMHBIM o6pasom. Hampo-
TUB, JJIsl JIEHT U JIDYTUX TIOCTE0BATEIbHBIX YCTPONCTB MAaMSITH, TO/JIEPKUBAIONTNX PYHKINIO 1seek, oTobOpa-
JKEHHe MOXKET OBITH PEAJIN30BAHO C HUCIIOJIH30BAHUEM AIlIIaPATHBIX CPEJICTB BUPTYAJIU3AINH ITIAMATH U OIepaIuit
read u write. CMbICJI B cleIaIbHON (DYHKIMU 0TOOParKEHUsI TIOSIBJISIETCS [IJIs1 JIPABEPOB yCTPORCTB, UCIIOJIb3Y-
foImuX OOJIBITIIE 00BEMBI TTAMSITH, OTOOPAKEHHOH B (pU3nIecKoe aipecHoe TPOCTPAHCTBO MIPOIIECCOPa, HAIIPUMED,
JIJTsT PACTPOBBIX BHJIEORIATITEPOB, HEKOTOPBIX 3BYKOBBIX yCTPOHCTB mim crpanur obmeit mamstu (backpane
Mmemory — JABYXIIOPTOBOIl ITaMsATH, HCIIOJIb3yeMONl KaK BBICOKOCKOPOCTHOH KaHa OOMEHa JAHHBIMUA B MHOIO-

[POIIECCOPHBIX CHCTEMaX ).

Peub B mamnom cityduae uier He O (DYHKIMSX CAMOTO JApaiiBepa, a O CHCTEMHBIX BBI30BAX, JOCTYIHBIX IIPHU-
ruragaol nmporpamme. B kiraccmaeckom UNIX 1 HekoTopbix 60s1ee mo3HuX cucremMax, nanpumep B Linux, stu dyukiun
HEIOCPE/ICTBEHHO OTOOpazkaioTcss Ha (yHKIUHU JpaiiBepa. OHAKO BMECTO MEJOYUCTEHHONW «pydKu"paitBep B 9TUX
cucreMax IOJIyYaeT JBa yKasaTejisi Ha CTPYKTYpPhl JaHHBIX siapa. Hampumep, mpororull (pyHKIun apaiiBepa write

(murupyercst no [14]) BbiryisiauT B cucreme Linux kax:

IIpumep 10
static int foo_write(struct inode * inode, struct file * file,

char * buf, int count)

[Ipu orkpeiTun daiina sapo co3maer sK3eMiisap struct file u struct inode B Tabsmiax, pasMeneHHBIX
B TaK Ha3bIBaeMOil MMOJIb30BaTEJLCKOM o6s1acTu (user area — .) ITosb3oBaTesbcKast 0OIACTD SABISETCS ATPUOYTOM
3a/1a9u, HO Pa3MeIleHa B aJ[PECHOM IIPOCTPAHCTBE #/Ipa U 33/1a9e HEeIIOCPEICTBEHHO He jocTynHa. IlepemaBaembrii mpo-
rpaMMe TeJIOYUCIeHHBIN nIeHTUGUKATOP- «pyUIKa' siByisieTcst nHJeKCoM cTpyKTyp file m inode B COOTBETCTBYIOMINX

TabIUIAX.

Crpykrypa inode ucnosibdyercs daitmopoii cucremoir UNIX st ompejiesienusi ycrpoiicrBa. 9Ta CTPYKTYpa
XPAHUT [PaBa JOCTyIa K YCTPOICTBY, psili CBEJEHUI, OOJIbIIAas YaCTh U3 KOTOPBIX MMEET CMBIC TOJIBKO ISl JICKO-
BBIX (ailioB, 1 ABa YnCIA, UACHTUMOUIUPYIONNX yCTPoiicTBO: major u minor. [IpaBa mocrymna mpoBepsiioTcst sapoM
erie 110 BbI30Ba byHKIW apasepa. Major 3aaer HOMep jpaiiBepa B TAOIMIAX spa, & Minor — HOMEp yCTPOWCTBA,
YIPaBJIsIeMOro JaHHBIM JipaiiBepoM. Hampumep, nocsetoBarenbublie mopts! /dev/tty0 u /dev/ttyl OyayT yupaBisTh-
Csl OJTHAM JpaifBepOM TOCIEJOBATEIBHBIX TOPTOB U MMETh 3HAYEHUs minor, coorsBercrBerHo, 0 u 1. dapo ucnoas3yer

3HAYEHNEe MAjor /IJIsi TOrO, 9TOOBI BHIOPATH HYKHBIN IpaiiBep.

B GosprmaCcTBE cuTyanuii gpaiiBepy MHTEPECHO TOJIBKO 3HadeHue mojisd minor. OIHAKO CYMIECTBYIOT XUTPHIE
IpaiiBepbl, UCIOJb3YIONNe Takke mojie major. Hampumep, B OosbimmacTBe cucteM cemelicTBa Unix JIEHTOIPOTS2KHbBIE
ycrpoiicTBa uMmeroT nBa jpaiisepa. OpuH U3 JpailBepOB IPU OTKPBITHH [IEPEMAThIBAET JEHTY K HadaJly, JAPYroil He
nepeMaTbiBaeT. Huuem apyrum 3Ty gpaiiBepbl He OTJIMYAOTCsI. B aeficTBuresbHOCTH 002 JpaiiBepa MCIOJIb3YIT OJIUH

7 TOT K€ KOJ[, KOTOPBI! OIIpEeIesIsieT TEKYIIN PEeXKUM PabOTHI B 3aBUCAMOCTHU OT 3HAYEHUS TOJIS Major.

Crpykrypa file mcrnosb3yercs Jjisi XpaHEHUs JeCKPUIITOpa OoTKpbIiToro ¢daiina. Eciu Heckonbko 3amad

obparaercs K OJHOMY yCTPOWCTBY WJIM OJHA 3a7a49a OTKPBIBAET YCTPONCTBO HECKOJIBKO Pa3, CO3AeTCs HECKOJIHKO
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Konuit cTpyKTypbl £ile. Hanbosiee BaXKHBIM, C TOUKHU 3PEHUsT ApaiiBepa, MoJIeM CTPYKTYyphbl file ABIIsIeTCs MOTOXKEHNe
TEKYIIEero yKa3aTesst YTeHUsI-3aIuch yeTpoicTBa. /Iy Takux ycTpo#icTB, KaK MOCJIEI0BATEIbHBIE TOPTHI, KOTOPBIE HE

HNMEIOT (byHKI_LI/II/I lseek, 9TO II0JI€ CMBICJ/Ia HE MMeEET.

Hy:xHO OTMETHTB, YTO MHOI'HE [IOCJIEI0OBATEIbHBIE JIPABEPHI HE TIO3BOJISIIOT OTKPBIBATH YCTPOCTBO HECKOJIBKO
pa3. Ilpu mocnenyrormux Bb3oBax verb"open'mys Takux ycrpoiictB 6ymer Bo3Bpamarhes omubdka EBUSY — «Ycrpoii-
CTBO 3aHATO». Hampumep, IJisl JIEGHTONPOTS?KEK TAaKOe MMOBEJIEHNE MPEJICTABISeTCs BIIOJHE Pa3yMHBIM. Y JpaiiBepa,
PA3pEIIaNero Co3/[anne HeCKOJIbKUX JECKPUITOPOB (dailia st OJHOr0 yCTPOHCTBA, BCe (DYHKIIUU JIOXKHBI OBITH
peentepabenpabiMu. B kitaccnueckom Unix u B Linux obecrieuenune Takoit peeHTepabeIbHOCTH BO3JIATAETCS HA pa3pa-

OboTunKa JapaiiBepa.
IMoxpoGree unTepdeiic npaiisepa B Linux obcyknaercss B mokymente [14].

Kak yxke 1oBOpHUJIOCH, JIJIsi TIOCIEIOBATE/IFHBIX JIpaifiBepoB B cucremax cemeiicrBa Unix cucremubre
BBI3OBBI OTOOparkaTcst B (DYHKIUHU ApaiiBepa, XOTsi BO MHOIUX CJIydasix BMECTO IIPSIMOTO BBI30Ba JipaiiBepa
HCHOJIB3YIOTCs OoJiee CIIOYKHBIE MEXaHU3MbI, 00CyzKIaeMble B pazienax 7.3.3 u 7.3.5. Hare Bcero aro je-
JIAETCS JIJIsT TOTO, 9TOOLI 0DECIEINTh HJLTIO3UI0 PeeHTepabeIbHOCTH (DYHKINN JApaiiBepa U, TAKUM 00pa3oM,
006eceanuTh BO3MOXKHOCTD OJTHOBPEMEHHOTO MCIIOJIB30BAHUs JIpaiiBepa HECKOJBKUMU IIPOIECCAMHU.

[TousaTHO, YTO CUCTEMY KOMAH/T JIA3€PHOTO TPUHTEPA, TIOTTEPA WK JayKe MPOCTO TEPMUHATA C TIO3H-
[MOHUPOBaHUEM Kypcopa, Bpojie vt100, Hesib3s cBecTn K oneparusiM read u write, ucrosb3oBanne OyHKIIHA
lseek BBIMVISIIUT HECKOJBKO MCKYCCTBEHHO, & COOTBETCTBYIOMMX KOMAaH 10ctl MOMyYnIoch ObI HEpHEeM-
sgieMo Muoro. B cucremax cemetictBa UNIX sTa mpobsiema perraercss odeHb IpoCTo: cucrema beper Ha celst
TOJIBKO TI€peJIady JIAHHBIX MEXKJIy KOMIIBIOTEPOM M yCTPOCTBOM, a 3a (hOpMUpOBaHME BBIBOJA (BO3MOXKHO,
9T0 Oy/IyT HE TOJBKO JAHHbIE, HO U KOMAH/IbI) ¥, HAIPOTHUB, HHTEPIIPETAIUIO BBEJICHHBIX JIAHHBIX OTBEYACT
[TOJIb30BATE/ILCKAS TIPOIPAMMA.

OTYacTh TOT MOAXOM OMPAaBIAH TEM, UTO K OJHOMY M TOMY K€ MocjemoBaTesbHOMY mopTy RS232 moxHO

MIOJIKJTIOYUTH OTPOMHOE KOJIMIECTBO PA3HOOOPA3HBIX YCTPOMCTB:

® KJIACCHYECKOE YCTPOHCTBO BBOZA,/BHIBOZA (TEPMUHAJ, [IPUHTED ),

e ceTeBoil aanrep (MOJEM WM HYJIb-MOJIEMHBIN KabeJb),

® KOODJIMHATHOE YCTPOWCTBO (MBI UM JAUTUTA3ep),

e yCTPOICTBO 3ByKOBOI'O BBOJIA/BBIBOJIA, (IOJIOCOBON MOZIEM ),

e ycrpoiictso rpaduueckoro Beosia/BeiBoa (Yem daxe-mozem He rpaduaeckoe yeTpoiicTso?),

® KOHTPOJIbHO-U3MEPUTEJILHYIO allllapaTypy

U BOODIIE, IPAKTUIECKHU JTI0D0E TOCTATOYHO MeJJIEHHOE YCTPOICTBO.

[TongTHO, YTO MOCTYIHMB TakKUM OOpa30M, MBI IIEPEHOCHM HIpOOJIEMY HOMIEP:KKH Pa3THIHBIX
YCTPOMCTB U3 CHUCTEMbBI B I0JIL30BATEILCKYIO IPOrPAMMy, YTO HE OY€Hb XOPOIIO. DTO ObLIO OCO3HAHO eIle B
70-e 1. Ipu paspabOTKe SKPAHHOIO PEIaKTOpa Vi, KOTOPBI 0JIzKeH ObLI paboTaTh ¢ OOJIBITAM KOJIHIECTBOM

Pa3JUYIHbIX BUJACOTEPMUHAJIOB, UCIIOJIB30BaBIINX Pa3/IMYHbIE HECOBMECTHUMbIE CUCTEMbI KOMaH/I.
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Torma mpobeMa 6bLIA pelieHa MyTeM CO3JAaHUsT CUCTEMHON 6a3bl JJAHHBIX [0 CHCTEMaM KOMAH]T pa3-
HBIX TEPMUHAJIOB. JTa H6a3a JAHHBIX [IPEJICTABIAET COO0M TeKCTOBbIN daili ¢ umenem /etc/termcap. [Ipuyu-
HBI, [I0 KOTOPBIM 3TOT (aiiyl HaA3bIBAETCS UMEHHO TaK, TOYHO HEM3BECTHHI. JlereH1a riracuT, 4To UMsi IPOUCKO-
JIAT OT cOKpaireHus caoB terminal capabilities (Bo3amoxkHocTu Tepmunasia). Gaiin cocront u3 ab3anes.
3aroJioBoK abp3ara MpeJcTaBiisieT coboit nMsi TepMHUHAJIA, & TEKCT COCTOUT u3 (hpas3 Buja Name=value, pa3ie-
JIEHHBIX cuMBoJioM  :°. [Ipu sTom Name npejicraBisieT coOOil CUMBOIMIECKOE UMSI TOI'O MJIM WHOTO CBOMCTBA,
a value — ero 3HaveHUE. JTO MOXKET OBITH IOCJEIOBATEIBHOCTh CUMBOJIOB, (POPMUPYIOIIUX COOTBETCTBYO-
Y0 KOMaHJy WM T€HEPUPYEMbIX TEPMUHAJIOM IIPU HAXKATUU COOTBETCTBYOMIEN Kiasuiiu. Kpome Toro, 310

MOXKET ObITh UMEHHO 3Ha4YeHUue, HallpuMep, IIMPpUHa dKpaHa TepMUHaJa, USMEPEHHad B CUMBOJIAX.

st paboThl ¢ TepMUHAJIBHOM 0a30if JAHHBIX OBLIO CO3MAHO HECKOJIBKO OMOIMOTEK MOAIIPOTPAMM —

HU3KOYPOBHEBas OubmoTeka termcap 1 BhICOKOYPOBHEBBII IAKET CUISES.

st TepMUHAJIOB ONMUCAHHBIN ITOIXOM, OKA3aJICd €CJU U He UICAJHHLIM, TO, BO BCAKOM CJlyvae, MpU-
emsieMbiM. Ho, mampumep, st rpadudeckux yCTPOUCTB OH HE MOJOINIEST — CUCTEMbI KOMAH[[ Pa3/ITHIHBIX
YCTPONCTB OKa3aJINCh CJIUITKOM HEIOXO0XKUMU U He CBOIUMBIME K €JIMHOI CUCTEeMe «CBOMCTB». llepBbIM mpu-
OJIMKEHUEM K PEIIeHUIO 9TOH MPOOJIEMBbI CTAJIO CO3/IaHUe CIEeINAIN3UPOBAHHBIX TPpOrpaMM-(puiabTpoB. [1pu
UCIIOJIL30BaHNY (DUJIBTPOB MOJIb30BATE/ILCKA MPOIPAMMa reHepupyeT rpadudecKuii BbIBOJ B BUIE TIOCJIE-
JOBATEJIbHOCTH KOMAH] HEKOTOPOro si3bika. PuIbTp NPUHUMAET ITH KOMAHJIbI, CHHTE3UPYeT Ha UX OCHOBE
n300pazkeHue, U BBIBOJIUT €ro Ha rpadudeckoe ycTpoicTBo. Bes momiepKKa pas3imIHbIX YCTPOHCTB BHIBOJIA

BO3JIaraeTcst Ha (pUIbTP, MOJb30BaTEIbCKAST TPOrPAMMa, JOXKHA, JINIITh 3HATH €0 BXOIHON SA3BIK.

CaMBIM yIaIHBIM BapHaHTOM sI3bIKA TPAUIECKOTO BBIBOJA B Hallle BpeMsi cumraercss PostScript —
SI3BIK YIPABJIEHUS WHTE/IEKTYaIbHBIMI MTPUHTEpaMu, paspaboranubiii dhupmoit Adobe. PostScript mpemo-
craBjsieT 6orarblii HabOp rpadpUIecKux MPUMHUTHBOB, HO OCHOBHOE €r0 IPEUMYIIECTBO COCTOUT B TOM, YTO
9TO MOJTHOMYHKIIMOHABHBIN I3BbIK IIPOrPAMMUPOBAHUS C YCJIAOBHBIME OlIEPATOPAME, IIUKJIAME U MOITPOTPAM-
Mamu. [lepBoHAYATBEHO STOT SA3BIK UCIOIB30BAJICS TOJIBHKO JIJIsT YIIPABJIEHUST JIOPOTHUME MOJIEISIMU JIA3€PHBIX
MPUHTEPOB, HO MOTOM MOSIBUINCH MHTEPIPETATOPHI 3TOTO sI3bIKa, CMIOCOOHBIE BHIBOJUTEL PostScript Ha Goitee
npocTele ycrpoiicrBa. Hanbosiee msBecTHON mporpaMmMoii sroro tumna sisysiercss GhostScript — mporpamma,
peanuzoBanHas B pamkax npoekta GNU u nocrymnnas xak freeware. GhostScript mocrasisiercst B Bujie mc-
XOJIHBIX TE€KCTOB Ha sa3bike C, crocobeH paboTaTh BO MHOTUX OMEPAIMOHHBIX CUCTEMAX: TPAKTUYIECKH BO BCEX
OC cemeiicrea Unix, 0S/2, MS/DR DOS u T.1. u nojiep:KuBaer NPaKTUIECKH BCe MHOIYJsIPDHbIE MOJIEJIN

rpauIecKuX yCTPOUCTB, MPUHTEPOB, IIOTTEPOB U IIPOYEro 00OPY/IOBAHMSI.

AHaJIOrn4IHbIi MoaX0m ucnoabsyerca B okonnoii cucreme X Window. B aToit cucreme Bech BbIBOI Ha
TEePMUHAJT OCYIIECTB/ISIETCS CIIENNaIbHON mporpamMMoii-cepepoM. Ha cepBep Boz/taraercst 3a1a49a Mo IIePAKKI
Pa3INIHBIX TPAMPUIECKAX YCTPOMCTB. B OOMBINHCTBE pean3alnii cepBep UCIIOIHIETCS KaK OOBITHAS MTOIb-
30BaTe/IbCKasT IIPOrpaMMa, OCYIIECTBJIsAS JTOCTYII K YCTPOHCTBY Ipy HMOMOIM (DYHKIMA ioctl «yCTAHOBUTH

BHJICOPEXKUM» U «OTOOPA3UTH BUJIEONAMSTH B aJ[PECHOE IIPOCTPAHCTBO IIPOIECCA».

B obonx chayuasx «JapaiitBep» OKasbIBaeTCsl pPas3sOUT Ha JiBe YaCTU: COOCTBEHHO JpaiiBep, MCIIOJIHSI-
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IONMUNCS B PEXKUME siJIpa, KOTOPBIH 3aHUMAETCSd TOJbKO OOMEHOM JAHHBIMEU C YCTPOWCTBOM, U IIPOIPAMMY,
HUHTEPIPETUPYIONIYIO IOy YeHHbIe JaHHbIe U /U (GOPMUPYIOILYI0 KOMAH/IBI JJIsi YCTPOWCTBA. DTa MIPOrpaM-
Ma MOXKeT OBITH JIOBOJIBHO CJIOXKHO, HO ommbOKa B Heil He Oymer baTajabHON I CHCTEMBI, TaK KaK OHA
UCIIOJTHSIETCs B TIOJIB30BATEIbCKOM KOJIBIIE JIOCTYIIA.

Hamnporus, B onepaimonnsix cucremax OS/2 nu Windows NT cymecTByer HECKOIBKO TUIIOB JIpaiiBEpOB
¢ pasmnuabiMu Habopamu dyskimit. Tak, 8 OS/2 ucnosnb3yrorcs apaiiBepsl bU3MIECKUX YCTPOHCTB Cl1ey-

IOmMMUX TUIIOB:

® 1POCThIE JIpaiiBephI MOC/IE0BATEIbHBIX yCTPONCTB BBO/IA/BBIBOJIA, AHAJIOTUIHbIE JIpaiiBepaM CUMBOJIb-

HBIX ycTpoiicTB B Unix;

e JpaiiBepbl 3aMOMMHAIONINX YCTPOMCTB IPSIMOIr0 JOCTYIIa, aHAJOTUIHBbIE ApaiBepaM OJIOUHBIX

ycrpoiictB B Unix;

e JipaiiBepbl BUJIEOAJIAIITEPOB, UCIOJIL3yeMble rpadudeckoil oKoHHOI cucremoii Presentation Manager

(PM);
e JipaiiBepbl O3UIMOHHBIX YCTPONHCTB BBOJA (MBIl 1 JIp.), TaKKe ucnosb3yembie PM;
e JpaliBepbl IPUHTEPOB U JIPYTUX YCTPOICTB BBIBOIA TBEP/IOH KOINH;
e JipaiiBepbl 3BYKOBBIX yCTPONCTB, HCIIOJIb3yeMble IOJCUCTeMOl «My ibruMenas MMOS/2;

e JipaiiBepnl ceTeBbIX ajanTepos crammapta NDIS, ncmomn3yembie ceTeBbIM MTPOrPpAMMHBIM 00eCTIeYeHIEM

dupm IBM u MicroSoft;

e JpaliBepbl ceTeBbIX ajantepoB crapgapra ODI, ucrnosb3yembie mporpaMMHBIM obeciiedeHneM (HhUPMbI

Novell;
e DMD (Device Manager Driver — napaiiBep-Menezkep Kiacca yCTPOICTB).
e pasjudHOro poja «puabrpbly, Hanpumep, ODINSUP.SYS — npeobpaszosarens ODI-unrepdeiica B NDIS.

Ha ¢dyuxnusax DMD cienyer octanoBuThbes mojipobuee. PaccMoTpuM JTOCTATOTHO TUMMMIHYIO KOHMUTYPAITHIO,
cozepxxartyio HBA marucrpanbuo-moyiabaoro craggapra SCSI, K KOTOpOMY MOJKJIIOUEHBI MATh YCTPONRCTB: YKeCT-
kwmit jquck, mpuBog CD-ROM, marauroonTrdeckuil JUCK, JIEHTOIPOTSZKKA U cKaHep. [Ipu 9ToM Kaxkioe u3 ycTpoiicTB

00J1aTaeT JTOCTATOTHO CEPhE3HOM CHenm@uKOi, TaK YTO WX CJIOKHO CBECTH K O0IeMy Habopy yHKITHIL.

2KecTkuit 1 MArHUTOOIITMYECKUN JUCKU HAmOOJIee CXOXKHU MEXKJIy COOOH, TaK KaK M TO, U JIPYrO€ SBJISETCS
3AITOMUHAIONINM YCTPOMCTBOM HOJIBITION EMKOCTH € TIPOM3BOIBHBIM J0CTYIIOM. OIHAKO YKECTKUIT JIUCK SIBJISIETCS Hey1a-
JISIEMBIM YCTPOMCTBOM, & MArHUTOOIITHIECKUN HOCUTE/Ib MOXKHO U3BJIeUb U3 IIPUBOJIA, HE BBIKJIIOYAsT KOMIIbIOTEPA. JTO
HaKJIaIbIBAET OIIPEeJIe/IeHHbIE TPEOOBAHNS HA CTPATErHI0 KIIMPOBAHUSI COOTBETCTBYIOIIErO YCTPOIICTBa U TpedyeT oT

IpaiiBepa yMeHHUsI IIOHUMATh U 00padaThIBATh alIapaTHLIN CUTHAJI O CMEHE yCTPOICTBA.



7.2. JIpAHUBEpsr BuEnmlix ycrpolcrB 100

CD-ROM, B cBoI0 04epeib, HEMb3sT PACCMATPUBATH KAK YJIAJSIEMBIH JIUCK, JTOCTYIHBIA TOJBKO JIJIsI 3AITUCH:
Beib pakTudecku Bce CD-ROM nipuBojipl, KpoMe (OYHKINE CIUTHIBAHUSI JAHHBIX, €Ille UMEIOT (DYHKIUIO ITPOUTPhIBa~

HUAd MY3bIKAJIbHBIX KOMITaKT-JINCKOB.

ﬂeHTOHpOTH}KKa " CKaHED IMOIIPOCTY HE sABJIAIOTCHA yCTpOIU/ICTBaIVH/I IaMATU IPAMOTO JOCTYIIa, & CKaHED BOO6LU,€

HEJIb34d paCcCMaTpUBaTh KaK yCTpOfICTBO IIaMATH.

Korga 0S/2 ynpasasier onucanHoit annapaTHOl KoHbUIypalmeli, 0Ka3blBalTCs 3ajeiicTBoBanbl nsiTh DMD:

0S2DASD.DMD ymupaBJ/isieT KJIacCOM 3alloMUHamomuX ycrpoiicrs upsmoro jgocryna (DASD — Direct Access Storage

Device), u nupemocrasisier crangapTable MYHKIUA JJIs JTOCTYIIA K JUCKAM.

OPTICAL.DMD obecrieunBaeT yIpaBJjeHre YCTPONCTBaMU MPsIMOTO JIOCTYIIA C yaajseMbiMu HocuTesiMu. OCHOBHAST ero
3aza4a — 06paboTKa alNapaTHOro CUIHAJIA CMEHBI HOCUTEJI U OMOBEIIEHUE JIPYTUX MOAYyJIel CUCTeMbI (JMCKOBOrO

Ka1a, (ailioBoil cucreMbl) 06 ITOM CMeHe.

0S2CDROM.DMD obGecneunBaer crenududeckue ist npuBogoB CD-ROM dyHKImMu, HampuMep nIpourpbiBaHUe ayIu3a-

IIHCEA.

Kazxaprit u3 srux DMD me paboTaeT HEITOCPEICTBEHHO C AllapaTypoil, & TPAHCIUPYET 3aIllPOCHI TOIb30BATE b~
CKHX IIPOTPaMM U JIPYTUX MOJYJIeH siipa (B IEpBYIO Ouepe b, MeHeIZKepoB (hailloBbIX CHCTEM) B 3alIPOCHI K JIpaiBepy
HU2KHEr0 yPOBHs. Takoil MHOTOCJIOMHBIN TIOJIX0/T TTO3BOJISIET BHIHECTH OOIIYIO IS KJiacca ycrpoicTs joruky B DMD u

HE 3aHNMAaTbhCSA ITOBTOPHOI peasm3anyeil 9Toi JIOTNKA B KaKJI0M HOBOM JpaiisBepe.

B cayuae SCSI curyanust TOMOJHATEIBHO YCIOKHAETCST TEM, YTO BCE 3AIPOCHI K YCTPONRCTBAM JOJZKHBI OBITDH
odopmiterst B Buge Komaug SCSI u npoittun yepes HBA, mocrynm K KOTOpOMY HY>KHO CHHXPOHH30BATDL, HE JIOIYCKAsT

IIOIIBITOK OJHOBpeMeHHO mepenaTh B HBA naBe koman bl VIMeHHO 9TH DYHKIINK, TO €CTh:

® TPAHCJISIUIO aDCTPAKTHBIX 3aIllPOCOB K abcTpakTHBIM JuckaM, npuBogaM CD-ROM u T.71. B 110CjIe10BaTe/IbHOCTI

roman SCSI,
e obecrieueHune MOCIEI0BATEHHON epegadn 3Tux Koman, depe3 HBA

® JIUCIETYEPU3AINNIO IPHUIIEIIITNX B OTBET HA KOMAHIbI JAHHBIX WU KOJIOB OININOKU

ucnosaster yerBepThiii DMD: 0S2SCSI.DMD. 9tor DMD nepenaer 3ampocsl Ha ornpasky komang SCSI ADD
(Adapter Device Driver — npaiisepy ycrpoiicTBa-asantepa), To ectb cobcrBerHo apaiteepy HBA. Ot ADD TtpeGy-
€TCcs TOJILKO YMEHUE nepegaBaTh KoMaH bl B muHy SCS| v npousBouTh MEepBUYHBIA aHAJN3 TPUIIEIINX HA KOMAH B
OTBETOB: KaKO#l W3 paHee MEPEJIAHHBIX KOMAHJ COOTBETCTBYET OTBET, Ye€M 3aBEpIIUIaCh OMEpaIus — yCIeXOM WA

OIHI/I6KOI71, IPpUIIIA JIX B OTBET JJaHHBIEC U €CJIM IIPUIIJIA, TO CKOJIbBKO UMEHHO U KYy/a UX IIOJIO2KUTH U T.II.

[Tareiit DMD — 0S2ASPI.DMD — ob6ecneuusaer cepsuc ASPI (Advanced SCSI Programming Interface
— mponBUHYTHIH nHTEpdEiic A nporpamvuposaaus SCSI). DToT cepBuc maeT BOZMOXKHOCTD TPUKJIIAIHBIM IIPOTPAM-
MaM U JPYTrUM JpaiiBepaM (pOpMUPOBaTh MPOU3BOJIbHBIE KOMaH bl SCS| u TakuM 0O6pa3oM OCyIIECTBIISTD JOCTYII K

ycrpoiicTBaM, KoTopble He siBiisiiorcest auckamu. Cepsucom ASPI nosibayroTest gpaiiBephbl JIEHTONPOTAXKKN U CKAHEDA.

Busno, uro paspadorauku Unix u OS/2 coBepiieHHO 110-pa3sHOMY IOJONUIN K PEIIeHUI0 IPOBIeMbl, TOCTAB-
JIGHHO# B HavaJjie JMaHHOTO pa3iena. Bmpouem, Hy»KHO OTMETHUTH, 9TO OOJIBITHHCTBO COBPEMEHHBIX CUCTEM CeMeiCTBa

Unix cresaim He OMH MIAr Ha IyTH K aHAJOTMIHON MHOTOCJIONHON CTPYKType JpaiiBepa.
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Hanpumep, B Linux u cucremax jimauu BSD Unix 3a ympasienue ycrpoiicrBamu SCS| orBeuaer crieruan3u-
POBAHHBIN MOJY/Ib siApa, M0 PYHKIMIM BIIOJIHE aHAJOTHYHBIN BhINenepednciaeHubiM gty DMD. On uzobpazkaer u3
cebg Ipyly JpaiiBepoB GJIOUHBIX U IIOC/IEI0BATEILHBIX yeTpoiicTs (auckos, npusogos CD-ROM, jieHTONpOTSIKEK U
T.J.) U TPAHCJIUPYET 3alPOChl KO BCEM ITUM yCTPOHCTBAM B BBI30BBI JOCTATOYHO HpocToro jpaiiBepa HBA, koropsrit

aHasiornvex apaiisepy aganrtepa B OS/2 u HEMOCPEICTBEHHO HEJOCTYIIEH JJTsl TIPUKJIAIHBIX TPOTPAMM.

B stux xe cucremax Bce ApaiiBepbl TEPMUHAIBHBIX YCTPOMCTB TO2KHBI yMETh 00padaTHIBATD IOCTATOYTHO
0oOIUpPHBIi HAOOp ioctl M BBHIIOJHATH P BaXKHBIX MYHKIWE 10 yIIpaBIeHUIo 3aanuaMu. s peanusamnum cooTBeT-
CTBYIOIIEH JIOTUKHU sIJIPO IIPEJIOCTABJISET TAKUM JIpaifiBepaM CEPBUCHYIO OHOJMOTEKY, KOTOPYIO TOXKE MOXKHO paccMaT-

puBaTh Kak anajor DMD.

B Unix System V Release 3 npaiiBepbl OC/IE0BATEIBHBIX YCTPOHCTB PEATU3YIOTCSI C UCIOIB30BAHIEM MOTYJIsT
STREAMS. C kaxKJIbIM JIpaiiBepOM MOCJIE0BATEIHLHOIO YCTPOHCTBA CBsi3aH abCTPAKTHBIN MOTOK JAHHBIX, HA KOTO-
PBIl MOYKHO TIOBECUTD MTPAKTUIECKH HEOTPAHUIEHHOE KOJMIECTBO TPOMEKYTOUHBIX (DUIBTPOB MPE/I- U ITOCTOOPADOTKA

JAHHBIX 1 MOJTyJIeii 06paboTKn KoMaH ioctl.

O1HaKO TaKO# MHOIOCJIONHO-MOLYJIbHBIN II0XO0J1 HE OXBATHIBAET BCEI IIOICUCTEMBI BBO,ILa/ BbIBO/Ia, 9YTO IIOPOX
[PUBOJAUT K HEIPUSTHBIM IIOCIeICTBAAM. Hampumep, cucrembl cemeiicrBa, Unix TpaauIMOHHO MMEIOT IIPOOJIEMBI C
yIaJasieMbIMU HOCUTEJIIMU B YCTPONCTBAaX MAMSTH ITPOU3BOJIBLHOTO jlocTyna. [Ipobsema cocrout B ToM, uTo simpo Unix
BOODIIE HE MMEET MPEICTABICHUS O TOM, U9TO YCTPOMCTBO MOXKET OBITH BHE3AITHO 3aMeHeHO. IIpm cMene ycrpoiicTsa
OIIepaTOP JIOJIZKEH SIBHBIM 00Pa30M COOOITUTE 00 9TOM CUCTEME, UCITOIB3YsT KOMAHIbI umount u mount. Ecan, kK mpumepy,
3aMEeHUTbh CMOHTUPOBAHHYIO JIMCKETY, HE COOOIIMB 00 9TOM CHCTEMe, TO MOXKHO OXKUJIATh COBEPIIIEHHO HEOXKUIAHHBIX
pe3yabTaTOB, HAUNHAs OT YTEHUS COMEPKUMOI0 yIAJICHHOU IMCKeThI U KOHYad IOp4Yell JaHHBIX Ha HOBON JHUCKETE U
JlazKe pa3pylIeHueM CHCTEMBI.

Bupouem, 06paboTKa CMEHBI HOCUTEJISI SABJISIETCS TOpa3ao 60Jiee CJIOXKHOM MpobIeMoii, 4eM IMPOCTO HAINCAHNE
sxBuBaJienTa OPTICAL.DMD, KOTOPBIN JIETEKTUPYET CUTHAJ CMEHBI HOCUTEIsSI. BeJIb 9TOT CUTHAJ JOJI2KEeH ObITh TepeIan
MOJLYJISIM YIIpaBJIEHUs JUCKOBBIM K3IIeM U (ailjloBoil cucTeMoii, KOTOpbie, B CBOIO OYepejib, JOJKHBI Pa3yMHO 00Opa-
0oTaTh €ro: Kak MUHUMYM, JIMCKOBBIH KIII JIOJI?KEH OObIBUTH BCE CBA3aHHDLIE C JUCKOM Oydepbl HEAKTYaJbHBIMU, a
MeHeKep (HaltIoBOI CUCTEMBI JTOJI?KEH COPOCUTH BCE CBOM BHYTPEHHUE CTPYKTYPHI JJAHHBIX, CBI3aHHBIE C VIAJCHHBIM
JIUCKOM, U O61>${CHHTB BCEM ITIOJIb30BATEJIbCKUM IIpOrpaMMaM, pa6OTaBIHI/IM C 9TUM JIUCKOM, YTO UX JIaHHBbIE ITPOIIAJIN.

Hpyrue acmeKTbl pabOThI C VIAJIIeMbIMI HOCUTEISIMEI 00CYKIAIOTCS B pasjerie 8.4.

7.3 Bpbi3oB dyuknmii apaiiBepa

Berimmie 6611 onmcanbl BapraHThl HAOOPOB (byHKIWI ApaiiBepa yCTpPOCTBA, HO MPAKTUIECKH HE OOCYKIAJICS
MEXaHU3M B3aWMOJIENCTBUs JIpaiiBepa ¢ OCTAJbHBIMHA MOJYJISIMA CHCTEMBI U IOJIb30BATEILCKUMHE IIPOrDaM-

MaMMH.

Cremyer mpoBecTH pas3jindnie MeXK/y CAUCTEMHBIMM BBI30BAMHU ¥ (DYHKIIAAME FAPa, JOCTYIIHBIMHA st
npaiteepoB. Habopbl cuCTEMHBIX BBI30BOB U JIPAWBEPHBIX CEPBUCOB COBEPIIIEHHO HE3aBUCUMBI IPYT OT JApyTa.
Kax mpaBujio, cucreMHble BBI30BBI HEJIOCTYIIHBI JIJIsI ApafiBepoB, a ApaiiBepHbIe CEpPBUCHI — JJIs MI0JIb30Ba-

TEJIbCKUX IIPOIPAMM.
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CucreMHBIl BBI30B BKJIIOYAET B ceOsl MEPEKJIIOUEHNE KOHTEKCTA MEXKJLY 1T0JIb30BATEIHLCKON IporpaM-
MOt 1 sApoM. B crcremax ¢ BUPTYaJbHOM MaMATHIO BO BPEMsI TAKOTO MTEPEKJTIOTUEHNS ITPOIIECCOD MTEPEXOIUT
U3 «II0JIb30BATEIBLCKOI'0» PeXKUMa, B KOTOPOM 3allpelleHbl WK OrPAaHUYEHbI JJOCTYII K PerucTpaM Jucierdepa
[aMSITH, OTIEPAIUU BBOJIA/BBIBOJIA U PSAJT IPYTHX JIEHCTBHIL, B «CHCTEMHBIN», B KOTOPOM BCE OTDAHMYECHUsT CHU-
MaroTcst. OOBIYHO CUCTEMHbBIE BBI30BBI PEAU3YIOTCH C UCIIOJb30BAHUEM CIIEIHAJbHBIX KOMAH/I IIPOIECCOPa,

Jamie BCETo — KOMaH/AbI ITPOIrpaMMHOI'O IIPpEePbIBaHNA.

Hamporus, apaiiBep UCIOJTHIETCS B «CUCTEMHOM» PEXKUME MPOIECCOpPa U, KAK MPABUIO, B KOHTEKCTE
spa, IMIO3TOMY JIJIsI BbI30Ba CEPBUCOB sjIpa JApaliBepy He HaJo JleJaTh HUKAKUX IePEKJIIOUYeHUil KOHTEeKCTa.

HpaKTI/ILIeCKI/I BCer/la TaKWe BbISOBBI PEAJIN3YIOTCA OOBLIYHBIMA KOMaHJaMM1 BbI3OBa ITOJAIIPOrpaMMBIL.

Eme onmo Bakmoe paszyimdme COCTOUT B TOM, UTO CHCTEMHBIE BBI3OBBI MPAKTHIECKU BCETJA SBJIA-
IOTCsL PeeHTePabEJIbHBIMU — siJIPO JINOO 0DeCreunBaeT MOJIMHHYI0 PeeHTEPAbeIbHOCTD, JTHO0 00ecIeanBaeT
WLTIO3UIO peeHTepabe/IbHOCT OJIaro/iapsi TOMY, 9TO UCIOJIHSETCsT ¢ 60jiee BBICOKUM IIPUOPUTETOM, €M BCE
MOJIb30BaTeIbCKIE TporpaMMbl. HampoTus, mocTynHble npaliBepaM CEPBUCH SIIpa JIEJIATCA HA JBe T'PYIIIBI
— Te CEepBUCHI, KOTOPbIE MOXKHO BBI3BIBATH U3 00PabOTUYMKOB IPEphIBAHUII U Te, KOTOpble Hejb3ds. CepBu-
CBI, JOCTYIIHBIE JIsT 0OpabOUNKOB MPEPBIBAHUIL, JOJIXKHBI YJIOBJIETBOPSIThH JBYM TPEOOBAHUSIM: OHU JIOJIZKHBI
OLITH peeHTepaOELHBIMU U 3aBEPHIATHCA 38 TapaHTUPOBaHHOE BpeMs. Hampumep, BbIfeseHne MaMATH MO-
2KeT 1moTpedoBaTh COOPKU MycOopa WM JaXKe IOMCKA YKEPTBBI I VIAJIEHUS B aJIPECHBIX ITPOCTPAHCTBAX
[OJIB30BaTE/ILCKUX 33124, Kpome Toro, Bble/IeHne TaMsITH TpebyeT paboThl ¢ Pas3ie/aseMbIM pecypcoM (Iry-
JIOM TIAMSITH siJ[pa) U ero JOCTATOYHO CJIOKHO peajin30BaTh peeHTepabe/ibHbIM. AHAJIOMMYHO, KOMUPOBAHUE
JaHHBIX MEXK/Iy II0JIb30BAaTEIbCKUM U CUCTEMHBIM aJ/IPECHBIMHU IIPOCTPAHCTBAMU MOXKET IIPUBECTU K BO3HUK-

HOBEHUIO CTPAHUIHOIO OTKa3a, BpeMs 00pabOTKU KOTOPOTO MOXKET OBITh HEIPEICKA3YEeMO OOJILIINM.

Huxke, myist kparkocTu, Mbl Oy/ieM Ha3bIBATH JOCTYIIHBIE JIJI 0OpabOINKOB IIPEPHIBAHUI CEPBUCHI Pe-
eHTepabe/IbHBIME, XOTS JIJIsi HIX BaXKHA HE TOJIBKO peeHTepabe/IbHOCTb, HO U 3aBepIeHnEe B TedeHnn (PUKCH-
posaunoro Bpemenu. K peenrepabeibHble cepBUCAM OTHOCATCS IPUMHUTHBBI CHHXPOHU3AIMHI (M YACTO TOJIBKO
OHM) — YCTAHOBKA/OYHCTKa ceMadOpOB, aKTHBU3AIUs UM JICAKTUBAIMS IMOJb30BATEbCKUX U CHCTEMHBIX
[IPOIECCOB, MAHUITYJIAINNNA HAJl OUYepeIsaMu 3ampocoB u T.n1. CepBUCHI, 3aHUMAIOIIUECS PACIPEIeICHIEM pe-

CypcoB, HarpuMmep (DYHKIUK BbIJIEJIEHUs TTAMSITH, YAIE BCETO SBJISIIOTCS HepeeHTepabeIbHBIMHU.

Mpgr He Oymem oapPOOHO 00CYXKIATH METOIbI ePeIatn JTAHHBIX MEXKIY MT0JIb30BATEIbCKUM U CHCTEM-
HBIM aPECHBIMU ITPOCTPAHCTBAME IIPU 0OPAOOTKE CHCTEMHOTO BBI30BA, IMOCKOJIBKY OHU CHJIBHO 3aBUCSIT OT
ApPXUTEKTYPhI JUCIETIEPa MAaMATH. Pa3IudHble TPOIECCOPbl IPeIaraioT Jijisd TOTO PAa3JIUIHbIe 110 H3O0IIl-

PEHHOCTU METO/bI, OIIMCaHNe KOTOPBIX OTHAJIO OBl MHOI'O BpeMeHnu, HO He ObLIO OBl IIOyYIUTEJIbHBIM.

Hamnpumep, 8 VAX monb3oBaTeIbCcKAE aapeca MEeJHKOM 0TOOpasKaloTCs B CHCTEMHOE aIpecHoe MPOCTPAHCTBO.
[Ipu sToM moJb30BATEIBbCKAST MPOrpaMMa MOXKET HCIIOJIb30BaTh TOJBHKO IEpBLIe JIBa Trurabaiita m3 deTbIipex, KOTO-
pble MOXKHO aJpecoBaTh 32-OMTOBBIM ajpecoM. Bropble aBa rurabaiiTa 3ape3epBHpPOBaHbI JJIsT CUCTEMBI. VcmosHss
CHCTEMHBII BBI3OB, FIPO 0TOOparkaeT B CBOE aIpECHOE IMPOCTPAHCTBO BCIO MAMSITh IMPOTPAMMbI, CIIEJIaBIIei BHI3OB, H,

TaKHUM O6p343OM7 noJrydaeT Hle\lOfI JOCTYII KO BCEM IIOJIb30BATC/JILCKUM JTaHHBIM. Ho,zgpo6Hee U3Yy49IUTHb apXUTEKTYDPYy
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BUPTYaJbHON maMsaTn cucrembl VAX MoxkHO 1o paGoram [10, 11].

O6paboTKy 3ampoca MOXKHO pas3le/iuTh Ha Tpu ¢as3bl: [IPesodpaboOTKM, COOCTBEHHO WUCIIOJ-
HeHHUsi 3ampoca u T1nocrobpaborku. Ilosb3oBaTenbckasi IIporpaMMa 3alpalinBaeT OIepaInio, WCIOJ-
Hsisl COOTBeTCTBYyIOmMiT cucremublii Bbi3oB. B OC cemeiicrBa Unix 3T0 6yger CUCTEMHBIA BBI30OB

read(int file, void * buffer, size_t size).

[IperobpaboTka BBITOJHIETCS MOJMIYJIEM CHUCTEMBI, KOTOPBI OOBIYHO HUCIOJIHAETCS € IIPUOPUTETOM

II0JIb30BATEJ/ILCKOI'O IIPOIIeCCa U HEPEAKO B KOHTEKCTE 3TOro IIpoIlecca, HO UMEET IIPUBUJIETUN dAaPa.

Paza mpesodbpPabOTKU BKIOIAET:

® IIPOBEPKY JOIYCTUMOCTH ITapaMeTpoB. Hampumep, mob3oBaTe/ b J0MKEH UMETh IIPABO BBIIOJIHSITDH 3a-
IIPOIIEHHYO OIEPAIINIO HAJl JAHHBIM YCTPOHCTBOM, aapec Oydepa T0/2KeH ObITh JOIMYyCTUMBIM aIPEeCOM

IIOJIB30BaTE/IbCKOI'O aJIpECHOI'O IIPOCTPAaHCTBa U T.JI.;

® BO3MOXKHO, KOITMPOBaHUE MJIN OTO6pa?KeHI/Ie JAHHBIX U3 IIOJIB30BaTE/JILCKOI'O aJPECHOro IIpoCcTpaHcTBa

B CHCTEMHOC.

® BO3MOYKHO, IpeoOpa3oBaHne BBIBOJIUMBIX JaHHBIX. Hampumep, B cucremax cemeiictsa Unix mpu BbIBO-
Jie Ha TEPMUHAJ CHUCTEMa MOXKET 3aMEHATH CHUMBOJI TOPH30HTAIBLHON TAOY/IAINN HA COOTBETCTBYIOIIEE
YHCII0 TIPO6ETIOB (eC/IM TePMUHAJ HE TIOJJIEPXKUBACT TOPU3OHTATBHYIO TaOYJISIIUIO) U IPe0OPA30BbIBATH
CHUMBOJI IIEPEBO/IA CTPOKH. JleJ10 B TOM, YTO BHYTPH CUCTEMBI B KQ4eCTBE PA3JIEJINTEIS CTPOK UCIOJIB3Y-
ercst cuMBoJl HOBO#E crpoku ’\n’ (ASCII NL), a pasjmdnble MOJIE/IM TEPMUHAJIOB U IIPUHTEPOB MOTYT
ucnosnb3oBaTh Takke *\r’ (ASCII RET, Bosspar kaperkn) miu mnocJepoBaresbHocTd > \r>>\n’ uim

\n>>\r’;

® BO3MOXKHO, OOpallieHne K IpoIelypaM JipaiiBepa. DTH IPOIELyPhl MOIYT OJOKHPOBATEH KOJ U JAHHDBIE
JpaiiBepa B husndeckoil namsaTu u BuaeasaTh Oydepa gms [TJII1. DTu oneparuun peajnsyorcs: HepeeH-
TepabeIbHBIMIA CEPBUCAMU sITPA W HE BCETJIa MOTYT OBIThH BBITIOJHEHBI JIpafiBepOM BO BpeMst 00paboTKH

3aIpoca.

e Ilepenata 3ampoca apaiiepy. HekoTopble crucTeMbl peau3yoT Iepegatdy 3alIpoca Kak IPOCTOH BBI3OB
cooTBeTCTBYIONIEH byHKIMK JpaiiBepa, HO Yallle UCIOJB3YIOTCs 00jiee CIIOXKHBIE ACMHXPOHHBIE MeXa-

HU3MBI, KOTOPbIE OYIYT 00CYXKIATHCS HUXKE.

BeimosiauB 3arpoc, japaiiBep akTHBU3UPYET MIPOrpaMMy HOCTOOPabOTKU, KOTOpasi aHAJIU3UPYET pe-
3yJbTAT OIEPAIUU, IIPEJIPUHUMAET T€ UJIN UHBIE JeHCTBUS 110 BOCCTAHOBJIEHUIO B CIyvae HEyclexa, KOIUpyeT
W 0TOOpazkaeT MOJIyYeHHbIE JJaHHBIE B IIOJIb30BATEILCKOE a/[PECHOE IIPOCTPAHCTBO U OIIOBEIAET IIPOr'PAMMY

O 3aBepHICHUHN 3allpoca.

Hexkoropnie cucremsr Ha 3T0l (hbase TakzKe JIeJIai0T Mpeodpa3oBaHie BBeJIEHHBIX JIAHHBIX. B KadecTBe

IpuMepa MOXKHO BHOBB IIPUBECTH CUCTEMbI ceMeiicTBa Unix, KOTOpble 1Py BBOJIE C TEPMUHAJA BBIIOJIHSIIOT
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TPAHCJIIATINIO CUMBOJIA TTIEPEBOA CTPOKH U PSIJI JIPYTUX OlepaIiuil Mo peJakTHPOBAHUIO, HAIIPUMeD, CTUPAHNE
MTOCJIETHET0 BBEJIEHHOTO CHMBOJIA II0 3aIIpOCy I0Jb30BaTesss. Pasbnenne moToKa TePMUHAILHBIX JAHHBIX Ha

CTPOKH B 3TUX CHCTEMaX TaKXKe IMPOUCXOAUT Ha ¢ra3e mocToOpabOTKH.

B roit win unoit dpopme 3t Tpu daszpl 06paboTKU 3apoca BBOJA/BBIBOJA IIPUCYTCTBYIOT BO BCEX

MHOT'OITPOIIECCHBIX CUCTEMaX.

Ceituac nac mHTEpECyeT ropas3io 60jee IPOCTOM, Ha MEPBBIN B3IUIAI, BOIPOC: KAKUM 00PA30M IIPO-
neypa mpenobpaborku obparnaercsa K ApaitBepy? U kakmMm oOpas3oM JpaiiBep IIOTOM IE€peIaeT pe3yJibTaT

UCIOJIHEHUS 3aIpoca Mporeaype mocrobpaborku? OTBeT HA 9TH BOIPOCHI JAJEKO HE TaK IPOCT.

7.3.1 CuHXpOHHBII BBOJ/BBIBO/

B OJJHO3aJaYHbIX CUCTeMaXx

CaMBIM IIPOCTBIM MEXaHU3MOM BbI30Ba (DYHKIWI JpaiiBepa ObLI Obl KOCBEHHBIH BBI30B COOTBETCTBYIOIINX

MIPOIIEIYP, COCTABJISIIOIIIX TEJIO JIpaiiBepa, MooObHO ToMy, Kak 310 gejaercs B MS DOS.

Hampumep, mporpamma, 2Kejamoiast MPOIUTATh CTPOKY C KJIABAATYDPBI, BbI3bIBAET (DYHKIHIO read
npaiiBepa Koucosn. Oyukims read aHaJIU3UPYET COCTOsIHNE KJIABUATYPHI; €C/Iu ObLia HayKaTa KJIABUINA, 3a-
IIOMUHAET ee Koi B Oydepe; Npu HAXKATUU KJIABUIIM <«KOHEI[ BBOJA» WJIM 3aloJiHeHun Oydepa (DyHKITUs
BO3BpAIIAET yIIpaBjeHue mporpamMe. Takoil MeTOM OYeHb MPOCT B PeaU3allii, HO, KaK ITOKa3biBaeT Oojiee
BHUMATEJIHHBIN B3IJIsIT HA MIPODIEMY, COBEPIIIEHHO Hea eKBaTEH, JlayKe Jjis OJHOIPOrPAMMHBIX OJIHOIIOIbL30-

BaTeJIbCKUX CUCTEM.

CupapeJIMBOCTH PN CJIelyeT OTMETUTh, uTo jgaxke MS DOS wucrosb3yer onucaHHBIA MeTOJ JJisi OOMeHa C
6JIOYHBIME yCTpOicTBaMU (J1a ¥ TO eCJIM He 3arpy2KeH JMCKOBBbIIi K3I1I), HO KJIaBUaTypy o0pabarbiBaeT 6oJiee a3y MHBIM

METOI0M C HCIIOJIb30BaHUEM HpeprBaHHﬁ.

Ha‘—IHel\l C TOI'0, 9TO IIOJIb30BaTeE/Ib MOXKET HaKUMaTb KJIaBUIIIN B JIIO60ﬁ MOMEHT, & H€ TOJIbKO KOor/Ja
IporpamMma IIOIIPOCHJIa €ro 9YTO-TO BBECTU. HaHpI/IMep, MHOT'HE€ ITIOJIb30BaTe/IM KOMaH/IHBIX MHTEPIIpETaTOPOB
nmr0b6saT pexxum type ahead (10c10BHO 1IepeBoiuTCsl Kak IMevaTh BIEPEL), KOIJIa CHCTEMa UCIIOIHSIET OJHY
KOMaHJIy, & II0JIb30BaTe/Ib HADUPaeT CJIeAYIONLyI0, He TOKUIAsiCh IpUIJialienns. | [oHITHO, 94TO peain30BaTh

TaKOH peXKUM IIyTeM OIIPOCa KJaBHATypPbl HEBO3MOXKHO.

Hounras j10 3T0r0 MecTa, CpeJHuil JOCOBCKUiT XaKep JI0JI?KEeH BOCKJINKHYTh: «Ho Kakoii e [mojcraBb-
Te Balle JIIOOMMOe PyraTesibeTBO| Oy/IeT onpamuBarh KiaBuarypy? Bejb jist 9T0ro u npuyMaHbl IpepbiBa-

HUA!»

JleficTBUTEIBHO, IIPEPBIBAHUS TOMOTAIOT Peain30BaTh pexkuM type ahead m pemuTs MHOTO APYyTHX
npobsiem. Hampumep, eciin KjraBuarypa reHEpUPYeT IPEPLIBAHUE NPHU KAaXKJIO0M HAYKATUU HA, KJIABHUIILY, MBI

MOXKEM Peain30BaTh JApaiiBep KJIABHATYPHI CJICIYIOMIIM 00Pa30M:

IIpumep 11

// TlpuMep IpaliBepa KIaBUATYPH .
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// (C) Imurpuit Upreros, 1995.

char buffer[1024];
int last_char, first_char;

int count; // CueT4ur cuMBONOB B Gydepe

// 9Ta QyHKIMA CYXTHBAET KOJ HAXaTOH KIABUIIN
// u3 Qu3M4EeCcKOro mopTa KIABUATYPH.

extern char get_char();

interrupt keyboard_handler() {
// CunTaThb KOI HaXaToi KIaBUIK
// u moMecTHUTB ero B KOIbIEBO# 6ydep.
if (last_char == first_char) return;
buffer[last_char] = get_char();
last_char = (last_char+1) & 1023;

count++;

void init_driver() {
set_interrupt_handler (KEYBOARD, keyboard_handler);
last_char = 0;
first_char = 1023;

count = 0;

int read(char * where, int how_much) {
// KomumpyeT cogmepxuMoe bydepa KyZa CKaxXyT.
// Bo3BpamaeT KOIWYECTBO CKONKPOBAHHHX CHMBOJIOB
// m cbpaciHBaeT CUETYUK
int i = how_much;

int tmp;
disable_interrupts();

if (i < count) i = count;
// Mbl He MoXeM CYMTATh GOJblleé CHMBOJIOB, 4eM €CThb B Oybdepe
tmp = 1i;
for (; i; i--) {
*where = buffer[first_char];
first_char = (first_char+1) & 1023;

count--;
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+
enable_interrupts();

return tmp;

int write(char * what, int how_much) {
return -1;

// He yMeeM 3amuchBaTh AaHHHE B KIABHATYDPY .

[Iporpamma 11 makcumasbHO yiporiena. Hanpumep, dyHKIMs YTeHUsT BO3BPAIIAET BCE, UTO HAKOIIH-
JIoch B Oydepe K MOMEHTY BBI30Ba, TOTJIA KAK «HACTOSAIINE» JpaiiBepbl TEPMUHAJA OOBITHO OCYIIECTBIISIIOT

BBO/ II0 CTPpOKaM, 1 T.I.

Tem me menee mporpamma 11 MLTIOCTPUPYET OCHOBHYIO KJICIO MMPOrPAMM TaKOT'O POJIA:

® HaKallJINBaTb BBOJIMMBIC JaHHBIC B 6y(b€p€ 110 Mepe nX IMOCTYIIJIEHUA,

e OTIaBaTh cojiepKIMoe Oydepa NPUKIIATHON TporpaMMe, KOTJa OHA TOMPOCUT

Ha npumepe 310l 2ke mporpaMMbl MBI MOXKEM yBHIETL JeJeHUe JIpaiiBepa Ha JIBe YaCTU — <«CHH-
XPOHHYIO» MPOrPAMMy W aCHHXPOHHBIN 0OPabOTYIMK HpepbiBaHusd. Takoe JejieHne B TOH W WHOM dopme
CYIIECTBYET MPAKTUIECKN BO BCEX CHUCTEMAaX, UCIOJIL3YIONUX IIPEPLIBAHNS UM AHAJTOTUIHBIE TTPEPBIBAHIAM

MEXaHU3MDBbI.

Kazaijiocs 6b1, Tenieps Bce xoporro. Ho npu 60jiee BHUMATEIBHOM PACCMOTPEHUN MbI OOHADPYKUBAEM

BTOPYIO TIpobJIeMy.

Harma mpomegypa drenunst Bo3BpalaeT Bce, YTO ObLI0 B Oydepe Ha MOMEHT BBI30BA, M IO CYIIECTBY
Hudero He aejaet, ecau Oydep Obur myct. Ho, Kak y»Ke TOBOPHJIOCH, «HACTOSIINE» IpailBepbl TEPMUHAJIA
OCYIIIECTBJIAIOT BBOJ, 1O cTpokaMm. Kak MuHUMYM, ectm Oydep IycT, MbI JIOJ?KHBI OBLIN ObI OCTAHOBUTHCS U
[TOJIOXK IATh, IIOKA TaM YTO-HUOYIb HE MMOSABUTCS. BO3MOXKHO, HAM CJIELIyeT IIPELyCMOTPETh KaKoe-JIub0 Cpel-
CTBO, IIO3BOJISIIOINee CHHXPOHHON YacTH JApaiiBepa OXKUAATh, IIOKa 00pabOTUYNK IPEPHIBAHNUS He IIPOCUTHAJIHI-
3UpyeT HaM O BBOJE HYKHOIO YHCJIa CUMBOJIOB. Hampumep, Mbl MOXKEM MPOBEPSITH CUETUYNKA HAKOILJIEHHBIX

B Oydepe CUMBOJIOB U MEPEBOJIUTH IIPOIECCOD B COCTOAHUE OYKUJIAHWS, €CJIU ITOT CUETUYNK PABEH HYJIIO.

ECJII/I quTaTe/Ib BHUMATE/JIbHO YUTaJI BCIO KHUT'Y, Ha 9TOM MECTE€ OH JOJI2K€H CKa3aThb: <<HO MBI 9TO y2Ke
npoxoauin!y. JleficrBuTe/bHO, 110/100Hast CUTYaIis pacCcMaTpuBaJiach B pasjeie 4.3.1, 1 TaM ObLIO IIOKa3aHo,
YTO IPOBEpKa (Jiara Wn APYroro yCJIOBUsS, yCTAHABIMBAECMOTO 00PabOTINKOM IIPEPhIBAHUS, C OJIOKHPOBKOiT

IIp1 HEBBLIIIOJIHEHUU YCJIOBUA, CO3/1a€T HEIIPUATHBIE HpO6.HeMbI.

B oxHotporieccHoit cucteme Mbl MOYKEM TTO3BOJIUTH cebe POCKOIIb MUKJIMIECKU OIPAIITUBATD 3HAYECHUE
cyeTunka 6aiiToB, HAKOILUIEHHBIX B Oydepe. 9T0 cCHUMAET TpobjeMy, ¢ KOTOPO MbI CTOJIKHYJIUCH B IIPUMEpE

5, HO caMmo 10 cebe MIPeBPAIAeTCs B IPObJIEMY, KOTJIA MBI IIEPEXOIUM B MHOTOIIPOIECCHYIO CPEJLY.
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Takue npobiieMbl, HAIIPUMED, BO3HUKAIOT Upu ucnosHenun uporpamm s MS DOS B DOS-smyssitope OS/2
i 1oz, ynpasiaenneM DesqView. Obe 311 cucTeMbl BBIHYK/JIEHBI UCIIOIH30BATH HETPUBUAIHHBIE AJTOPUTMBI JIJIsT BbI-
SIBJIEHUSI TIPOTPAMM, [IUKJINIECKH OIPAITUBAIOIINX KJIABUATYDY WU MOCIEI0BATENbHBII TOPT, TIOTOMY 9TO TAKUe IIPO-
rpaMMbl CHJIBHO U IJIOXO BJIUSIOT HA MOBEJIEHUE BCel cucTeMbl. st NPU3BaHus K MOPSIIKY IIPOTIPAMM, HE BBISIBISEMBIX
TAKUMU AJITOPUTMAMHE, CYIIECTBYET CIENUAIbHAS yTUIATA ¢ XaPAKTEPHBIM HA3BAHUEM tame — «IIPUPYIHUTh», UCIIOJb-

3ylonias eme 6oJiee U30IIPeHHble MeToabl. O0CyKIeHne 3TUX METOI0B YBEJIO Obl HAC JAJI€KO OT OCHOBHON TE€MBI.

Jlaxxe ecyit MbI OyJIeM HCIIOJIB30BATD JIjIs CHHXPOHU3AINKM YTO-TO THUIA ceMadopa, OCTaHEeTCs OYEHb
Ccepbe3Hast TPYAHOCTD: (PYHKIUsI read BhI3BIBACTCS U3 SIPA CHCTEMBbI, TIO9TOMY, 3a0I0KHPOBAB 3Ty (DYHKIIHIO,

MBI 3a0JIOKIPYEM SIPO, 9TO COBEPIIEHHO HEJAOIYCTHMO B MHOTOIIPOIIECCHON CHCTEME.

Eme XyxKe CUuTyanud C 3allOMHUHaIOIIUMA yCTpOﬁCTBaMH THIIa JICHT MJIM JMCKOBO/JIOB. HpI/I YTEeHUN

JAHHBIX JIpaliBep TAKOI'O yCTPOUCTBA JIOJIZKEH:

® ec/JI pedb UJET O ANCKETE, TO BKJIIOYUTL MOTOP JMCKOBOIA M JTOXKIATHCS, ITOKA JUCK PA3TOHUTCH 10

pabodeit CKOPOCTH.
® JIaTh yCTPOMCTBY KOMAaHJy Ha IepeMeIlleHue CUHUTBhIBAIOIIEN IOJIOBKU.
® JOXKIATHCS IIPEPLIBAHUS 110 KOHILY OII€PAIH [I€PEMEIIEHMSI.
e zamporpammupoBath I n nHUIIUUPOBATE OMEPAITHIO YTEHUSI.

® JTIO2K/IaThCs IIPEPbIBaHUA, CUTHAJIU3UPYIOIIETO O KOHIIE OoIlepallui YTCHMNA.

JIute mocsie 3TOro MoXKHO OyIeT nepeaTh JaHHble TporpamMme. B o6onx mpoMeKyTKax MeXK /Iy HWHUIIAAIIe
3alpoca U OKOHYAHWEM OIEpAIy JpaiiBep JOJKEH OT/iaBaTb YIIPAaBJIEHUE CUCTEMe, MHade ODpalleHus K
JIICKOBOJTY OYJIyT HAJIOIT0 OJIOKMPOBATb BCE OCTAJIBHBIE ITPOIECCHI B CUCTEME.

Hanpumep, Windows 3.x B enhanced pexkume MpeiOCTaB/IsieT BBITECHSIONYI0 MHOI0331a9H0CTh it VDM
(Virtual DOS Machine — Bupryamsuas mammua [ DOS), ognako cama Windows 3.x ucnosszyer DOS st
obpalrieHnst K auckaM u jucketaM. fiapo omuozamaduoit DOS me ymeer ormaBarTh yrpaBjieHHe JAPYTUM IIPOIECCAM
BO BpeMsl UCIIOJHEHHs 3alIPOCOB BBOJA,/BBIBOJA. B pedysbrare BO BpeMs O0pAIIEHMs K JUCKY BCE OCTAJbHBIE 331491
OKAa3bIBAIOTCsl 320 0KUpOBaHbl. ¥ coBpeMeHHbIX PC BpeMsl MCIIOJIHEHNST OTepAIAil HAJl YKECTKUM JUCKOM HU3MEPSIeTCsT
IECATBIMU JIOJISIMU CEKYHJIbI, TI03TOMY (DOHOBBIE OODAIEHUS K KECTKOMY [UCKY ITOYTU HE IMPUBOAAT K HAPYIIEHUSIM
paborbl ocrajibHBIX IporpaMm. OJHAKO CKOPOCTb pabOThl I'MOKUX JIUCKOB OCTAJIACh JIOCTATOYHO HHU3KOI, MOITOMY
pabora ¢ HUME B (POHOBOM PeXKUME OJIOKUPYET CUCTEMY Ha OYEHb 3aMeTHBbIE IPOMEXKYTKHU BPEeMeHM.

DdderTHas u ydbeauTebHAS JIEMOHCTPAIMS 9TON IIPOOJIEMBI OYEHBb IMIPOCTA: JOCTATOYHO 3AIyCTUTh B (PO-
HOBOM pekuMe (hOpMaTHPOBAHME JIUCKETHI mwim TpocTo KoMaHay COPY C:\TMP\x*.* A: eciu B gupexktopuu C:\TMP
JOCTATOYHO MHOTO JaHHBIX. I[Ipm 3TOM paboTaTh ¢ cucTeMoil OyaeT MpPaKTUIeCKN HEBO3MOXKHO: BO BPEMs OOPAIeHMH
K JIUCKeTe J1arKe MBIIIIMHBIA Kypcop He OYJeT OTC/IeXKUBATH JABUKEHUI MbBIIIN, OY/LyT TepAThCHA HAXKATUS Ha KJIABUIIN

" T.JT.

Windows 95 ucniosb3yer HecKoJbKO MeTo10B 00x01a DOS mpu ofpaliennsix K JIUCKY, T09TOMY MOJb30BATETN

9TOM CHCTEMBI He BCErJia CTAJKUBAIOTCA C OMMCAHHON mpobsemoit. OHAKO IPU UCIOIB30BAHUN OJIOUHBIX JpailBEpoOB
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PeasbHOTO PEXKUMAa CHCTEMA 0 IpexkHeMy ucrosb3yer DOS B kauecTBe mojicucTeMbl BBOJA,/BbIBOIA U paboTa ¢ Juc-

KeTaMu B (DOHOBBIX 33/1a9aX TaKKe HApYyIIaeT padoTy 3a/a4d MEPBOTO IJIAHA.

CkazaHHOe 03HAYAET, 4TO IIEPEXOJl OT OJHO3aJAYHON MJIM KOOIIEPATUBHO MHOI'0O3aJa4YHON CUCTEMBI K
BBITECHSIOIIEl MHOT03aJaTHOCTH MOYKET ITOTPeOb0BATh HE TOJIHFKO U3MEHEHNs IJIAHUPOBIINKA, HO U PaINKa b

HOIT TIepeJIesIKI BCell MOJICUCTEeMbI BBO/IA/ BBIBOJIA, B TOM YHC/IEe M CAMUX JPAHBEPOB.

[Tepenenka mpaiiBepoB 03HATAET, YTO BCE HE3ABUCUMBIE U3TOTOBUTETN OOOPYTOBAHNS TAKYKE JTOJTAKHDBI
OyyT OOHOBUTBH CBOM jipaiiBepbl. Opranus3arys TaKoro OOHOBJIEHHST OKA3bIBAETCs CJIOXKHOM, HEOJIATOapHOI
1 9aCTO MOTPOCTY HEBBIMOJHUMON 3a/1adeil — HAIpuMep, TIOTOMY, YTO W3MOTOBUTENb OOOPY/IOBAHUS yiKe He
CYIIECTBYET KaK OpraHM3allus WJIN OTKA3aJICs OT MOJIJIEPXKKHU JaHHOro ycrpoiictBa. [losTomy muTepdeiic

JpaiiBepa 9acTo OKasbiBaeTCs Haubojee KoHcepBaTubHOil dacthio OC.

B kadecTBe mpuMepa TaKOro KOHCepBATH3Ma MOYKHO IPUBECTH IOJCHCTeMY BBoja,/BbiBoma OS/2.
Cosmectabii ipoekT dupm IBM u Microsoft, OS/2 1.x paspabarbiBajach Kak OlepaluoOHHAs CUCTeMa, JIJIs
cemeiicTBa IIEPCOHAIBHBIX KoMIbIoTepoB Personal System/2. Muamue mojenu cemeiicTBa ObLIM OCHOBAHBI

Ha 16-paspsiaaoM mporeccope 80286, mosromy Best OC Oblia MOJHOCTBIO 16-GUTHOIA.

[Mosnnee paspaborunku dbupmsl IBM peanmzosanu 32-6urayto OS/2 2.0, HO jjisi COBMECTUMOCTH CO
cTapbIMU JIpaiiBepaMyl MM IPHUIILIOCh COXPAHUTH 16-OMTHYIO ToJcucTeMy BBOJA/BBIBOJA. Bee TOYKM BXO/A
JIpaiiBepoB JIOJIZKHBI HAXOUThcst B 16-6uTHbix (‘USE16’) cermeHTax KoJa; JApaiiBepaM Mepeiarorcs TOJIbKO
16-paspsiaabie ‘far’) ykazarenu u T.7. [lo yrBepxaenuto dupmbr IBM, o paccMaTpuBain BO3MOXKHOCTH
peanu3aruu TakxKe U 32-OMTHBIX JIpaiiBepoB, HO WX U3MEPEHUd He TOKa3aJIl 3HAYUTETHLHOT'O IOBBIIICHUS

[IPOU3BOJIUTEILHOCTH IIPU TIepexojie K 32-6uTHOoil Mojiesin.

Tax win unade, OS/2 2.x U MOCIIEYIONIE BEPCUU CHCTEMbI HO-IIPEKHEMY HCIIOJIB3YIOT 16-OuTHBIE
JIpafiBephl MOCJIEI0BATENbHBIX, OJIOYHBIX, KOOPAUHATHBIX U CETEBBIX YCTPONCTB. Pt KiItoueBbIx MotyJieit si/i-
pa B 9TUX CHUCTEMAX I10 IIPEKHEMY UCIIOIb3yeT 16-6uTHbIH Ko/ Birarogaps 3ToMy coxXpaHseTcsi BO3SMOYXKHOCTD
HCIIOJIL30BATh JApaiiBepbl, pazpaboTanuble ere B KoHIe 80-x u paccunranubie Ha OS/2 1.x. DTa BO3MOXKHOCTD

OKa3bIBAETCS OCODEHHO I0JIe3Ha TP paboTe co cTapbiM 000PYIOBAHUEM.

Hamnporus, paspaborunku dupmbl Microsoft orkazaimch or coBMeCTMMOCTH ¢ 16-OMTHBIMU JIpaii-
sepamn OS/2 1.x B cosznmasasumieiicss nmu 32-6urnoit Bepeun OS/2, naspiBasrueiicss OS/2 New Technology.
DoIBKJIOP YTBEPKIAET, UTO HKMEHHO 9TO TEXHUYIECKOE PEIeHNe 0KA3a/I0Ch IIPUIMHON Pa3phiBa MAPTHEPCKIX

orHomenuii Mexky Microsoft u IBM, B pesysbrare koroporo OS/2 NT Bbiuia Ha PBIHOK 10/ HA3BAHUEM

Windows NT 3.1.

Tpynuo ckazarb, OBLIO JIK 3TO PEIIEHHUE ONPABIAHHBIM. 3a YUCTO 32-OUTHOE S/IPO MPUILIOCH Pac-
IUIAYUBATHCS TTOTEPEil COBMECTUMOCTHU CO CTAPBIMU JpaliBepaMy U PEe3KUM CyKeHreM Habopa MOJIepKUBa-
€MBIX BHEIITHUX YCTPOUCTB, a HaOJIIOJAEMbIX TEXHUIECKUX MPEUMYIIECTB YuCcTas 32-OMTHOCTH He majia. Bo
BCSIKOM CJIydae, Mo TPOu3BoauTeIbHOCTH U noTpebisieMbiM pecypcam Windows NT sHaunresnbHO yerynaer

32-paspsiabiv Bepeusim 0S/2.
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DaKTUIECKN, COBMECTMOCTD CO CTAPBIMU JIpaifiBepaMu 9aCTO OKA3BIBAETCS MO0 BAXKHOCTH COTIOCTABHU-
Ma € COBMECTUMOCTBIO CO CTapbiMu npuiioxkerusmMu. OTKa3 OT TaKOil COBMECTUMOCTH Ha [IPAKTUKE O3HAYAELT
«bporrenHoey nepudepuitHoe 060pyIOBaHNE U, KaK CJIEJICTBUE, «OPOIIEHHBIX> OJIH30BATE e, KOTOPhIE OKa-
3BIBAIOTCS BBIHYKJIEHBI JTNOO OTKA3BIBATHCS OT YCTAHOBKM HOBOW CHCTEMBI, JTUOO 3aMEHATH 0OOpY/TOBAHUE.
Oba BapuaHTa, €CTECTBEHHO, HE YJIYUIIAIOT OTHOIIEHUs 110Jib30oBaTes el K nmocrasimuky OC, mosromy MHOTHE

IIOCTAaBIIUKU IIPOCTO HE MOTYT IIO3BOJIUTDH cebe nepenesiKy 1moJICucCTeMbl BBO,Z[&/BI)IBO,U,&.

Nmenno us-3a sroro, Hanpumep, dhupma Apple 10 cux mop He MOXKET Peajn30BaTh BBITECHSIOILYIO
Muorozagaanocts B MacOS. Ilo sroii »xe npuunne dpupma Microsoft Tak mosro mepzkanach 3a KOOIEPATUB-
HYIO MHOIO33JIa9HOCTh B pasymdubix Bepuax MS Windows u naxxe 8 Windows 95 M He ymaioch MOTHOCTHIO

peosoJieTh Hacjaeaue oanozaaagnoit DOS.

O tHAKO HY?KHO OTMETHUTD, 9TO psiji ojHo3anaqabix OC, nanpumep RT-11SJ dupmer DEC, ucnonbsyer
peeHTepabesIbHYO MOJICHCTEMY BBOJIA/BBIBOJIA, [IPUIOIHYIO JIJI PEaJIN3allii BBITECHSIIONEH MHOT03a/aqH0-
ctu. Takoe MPOEKTUPOBAHNE «HA BBIPOCT MPEJICTABJISIETCS OYEHD YIATHON TEXHUIECKON MTOJIUTUKOM, TaK KaK

yiupomaeT pa3pa60TqHKaM 1 IIOJIb30BaTeJ/IdM IIEPEXO/T K boJiee MOITHBIM BE€PCUAM CUCTEMBDI.

7.3.2 CuHXPOHHBI! BBO/I/BBIBO/I

B MHOTI'O3aJaYHbIX CUCTeMaX

B mpempraymem pasmene 6puta chopMymmpoBaHa OHA W3 MPOOJIEM, BOSHUKAONINX IPYU OPTAHU3AIIMN BBO-
J1a/BBIBOJIA B MHOT03a/IaqHBIX CHCTEMaX — ODpAIlEHMsi K YCTPOWCTBAM BBOJIA/BBIBOJA, OCOOEHHO K HHU3KO-
COKOPOCTHBIM YCTPOMCTBAM, HE IOJXKHBI 6€3 He0OXOAUMOCTH OJIOKHPOBATH MCIIOJHEHHE APYTHUX MIPOIECCOB.
Jpyras npobjaemMa cOCTOUT B TOM, UTO ApailBep yCTPORCTBa PabOTaeT ¢ pa3lesseMbIM PECYPCOM H IIO3TOMY
SIBJISIETCSL HEpeeHTepabesIbHBIM. S1po min caM apaiiBep JOJKHBL IPeJOCTaBUTL KAaKUe-TO CPEACTBA, 3allliila-

omuye Koz ﬂpaﬁBepa OT IIOBTOPHBIX BBLI3ZOBOB. PaCCMOTpI/IM HEKOTOPbIE IIOAXO/bl K PEIICHUIO 3TUX HpO6JIeM.

B «kmaccuyeckux» Bepcusax Unix n HEKOTOPBIX JIPYTUX CUCTEMAaX 9TOr0 ceMeiicTBa, Hanpumep B Linux,
JpaiiBep IMOCIEI0BATEILHOIO YCTPOMCTBA UCIIOJHIETCS B PaMKax TOI'O IIPOIECCa, KOTOPBLIN M3/asl 3ampoc,
XOTsl U ¢ npupujerunamu siapa. OxKujgasi peakiuu yCTPOHCTBa, JpaiiBep IEepeBOIUT IIPOIECC B COCTOSTHUE
OXKWJIaHUsI U BbI3bIBaeT (PYHKIMIO sigpa schedule (). DrTa yHKIMs aHAJIOIMIHA 0OCYyKIaBIeiicss B 1. 6.1
GYHKIINY TePeK/II0OUeHns] IPOIECCOB: OHA TepeaeT YIIPaBJIeHHEe MePBOMY aKTHBHOMY IIPOIECCY, CTOSIIEMY
B OUepeny C HaWBBICIIUM IpuopureroM. OHa BO3BpAalllaeT yIIpaB/eHHe TOJBKO TOIa, KOIma 0 IIPOIecca
BHOBD JI0ii1eT ovuepeib. Korma yeTpoiicTBO reHepupyeT PepPhIBAHIE, OMTOBEIIAIOIIee O 3aBePIIeHNN OIePAIINH,
00paboOTUYMK IPEPBIBAHNS BBIBOJUT IIPOIECC U3 COCTOSTHUS OKumanus. [ mepeBoga mpoIrecca B COCTOSTHIE

OXKUIAHWS U OOPATHO UCIOIB3YIOTCA peeHTepabebHbIe CEPBUCHI SIAPA.

Hwuxe npupogurces ckeser ¢dpyuknun write() jpaiiBepa mOC/I€0BATEIFHOTO YCTPORCTBA B CUCTEME

Linux. Tekcr murupyercst no Jokymenty [14].

IIpumep 12
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static int foo_write(struct inode * inode, struct file * file,

char * buf, int count)

unsigned int minor = MINOR(inode->i_rdev);
unsigned long copy_size;

unsigned long total_bytes_written = 0;
unsigned long bytes_written;

struct foo_struct *foo = &foo_table[minor];

do {
copy_size = (count <= FOO_BUFFER_SIZE 7
count : FOO_BUFFER_SIZE);

memcpy_fromfs(foo->foo_buffer, buf, copy_size);

while (copy_size) {

/* initiate interrupts */

if (some_error_has_occured) {

/* handle error condition */

current->timeout = jiffies + FOO_INTERRUPT_TIMEQUT;
/* set timeout in case an interrupt has been missed */
interruptible_sleep_on(&foo->foo_wait_queue) ;
bytes_written = foo->bytes_xfered;
foo->bytes_written = 0;
if (current->signal & “current->blocked) {
if (total_bytes_written + bytes_written)
return total_bytes_written + bytes_written;
else
return -EINTR; /* nothing was written, system

call was interrupted, try again */

total_bytes_written += bytes_written;
buf += bytes_written;
count -= bytes_written;

} while (count > 0);

return total_bytes_written;

110
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static void foo_interrupt(int irq)
{

struct foo_struct *foo = &foo_table[foo_irql[irql];

/* Here, do whatever actions ought to be taken on an interrupt.
Look at a flag in foo_table to know whether you ought to be

reading or writing. */

/* Increment foo->bytes_xfered by however many characters were

read or written */

if (buffer too full/empty)

wake_up_interruptible (&foo->foo_wait_queue);

DTa mporpamMMma CJI0YXKHee, 9eM IpuBesieHHas B ipumepe 11. Hanpumep, mpesmosaraercs, 4To apaiiBep
12 crnocoben obciryKMBaTh HECKOJILKO ycTpoiicTB. Homep ycTpoiicTBa, K KOTOPOMY ceffuac OCYIIECTBIISIETCs
obpalrienue, OnpeJieisieTcd 3HAUeHNeM IIePEMEHHON minor, KOTopas, B CBOIO OYEPEb, OIPENesIsdeTcsd Ha OC-
HOBaHWUM COJIePZKaHUsl UAeHTU(DUKAIIMOHHOf 3anucu ycrpoiicrBa — ero nHoAa (i-node). Ykaszare/ib Ha HHOJL

epelaeTcs IIePBbIM 1apaMeTPOM.

Tem ue menee, cTpyKTypsI mporpamMm 11 u 12 ovyens 6sim3ku. OCHOBHOE OTJIMYKAE COCTOUT B TOM, UTO B
11 MBI 00OIILIN CTOPOHOM TPOOIEMY OCBOOOXK IEHUSI ITPOIECCOpa Ha BpeMst 00pabOTKY 3a1poca, mpuMep ke 12
MTOKA3BIBAET, KaK 3Ta MPobIeMa MOXKET OBITEH PEIeHa, eCIIU SIAPO CHCTEMBI TPEIOCTABIISIET COOTBETCTBYIONTIE

CEPBUCHI.
[Tepeuncaum 110 TOPSIIKY BCE CEPBUCHI sA/IPa, K KOTOPBIM OOpaIaeTcs apaiBep.

memcpy_fromfs(char * dst, const char * src, size_t size) HCHOJIb3yeTCs JJIs IEPEIAYU JTAH-
HBIX U3 I0JIb30BATEIbCKOI0 aJIPECHOTO MIPOCTPAHCTBA B cucTeMHoe. [Ipu 3TOM src — 9To ajipec B CUCTEMHOM
MIPOCTPAHCTBE, a dst — B MOJB30BATETLCKOM. YCTPOHCTBO IPUHUMAET IO COPY_Size CUMBOJIOB 3a pa3 U reHe-
pUpyeT IpepbiBaHue, KOIIa 0Ka3bIBaeTCsl TOTOBO IPUHATD CJIEAYIOIINI 610K JAHHBIX. SHATOKH apXUTEKTYPhI
x86 MOT'yT JIOraaThCs, YTO CEJIEKTOP IOJIb30BATEIbCKOIO aJ[PECHOTO IIPOCTPAHCTBA IIePeIaeTCs JIpaiBepy B

perucrpe FS.

JpaiiBep Komupyer JaHHBbIE H3 I10JIb30BATEILCKOTO CEI'MEHTa B CBOH BHYyTpeHHHI Oydep. D10 HEOOXOMUMO
noromy, 9to pyHKIms memcpy_fromfs MoxKeT HPHBOAHTH K BO3ZHHKHOBEHHIO CTPAHUYHBIX OTKA30B, 00pa-
060TKa KOTOPBIX MOYKET 3aHHMAaTh Helpejcka3yemoe Bpemsi. Ilosromy memcpy_fromfs He/b3s BBI3bIBATH U3

06paboTInKa IIPEPHIBAHUS.
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Ucnonb3oBanne BHyTpeHHETO Oydepa TPUBOIUT K yBEJIUUEHUIO SIIPA CHCTEMBI M HAKJIAJHBIM Pac-
X0/laM Ha, KOTMPOBaHme. ATbTepHATHBOM TAKOMY KOMUPOBAHHUIO MOTJIO OBl CJIYXKUTH JIMHAMIIECKOE OTOOpa-
JKeHMe JAHHBIX U3 TMOJIb30BATEIHCKOTO aIPECHOTO MPOCTPAHCTBA B CUCTEMHOE. 1Ipu 3TOM JaHHbIE HY>KHO He
TOJIKO 0TOOparkKaTh, HO U OJIOKUPOBATH B (PUBMIECKON aMSITH, 9TOOBI 00PabOTINK IIPEPBhIBAHUS MOT €3 Oma-
cerust paborarb ¢ HuMmu. Pazpaborunku opuruHajibHoit cucrembr Unix, a Bese 3a aumu u Jlunyc Topsasbic
(paspaboruuk Linux) coumm, 4To Takoe oTobparKeHne Ype3MepHO YCJIOKHUIIO Obl MEXAHU3M YIIPABJICHUs BUD-

TyaﬂbHOﬁ IIaMsATBIO.

void interruptible_sleep_on(struct wait_queue ** p) yCTaHaBJIMBAaET IIPOIECC B 3aJaHHYIO
ouepe b OxKuaHus 1 BbI3biBaeT schedule (). CooTBeTCTBEHHO, 3Ta (PYHKIINST BO3BPAIAET yIIPABJIEHIE TOJb-
KO KOI'JIa IIPOIECC BEpHETCsT B aKTUBHOe cocrostare. ObparHast eit pyHKIINsT
void wake_up_interruptible(struct wait_queue ** p) IIepeBOJUT IIEPBBIN IIPOIECC U3 OUeped B aK-

TUBHOE COCTOAHNE N yCTaHAaBJIMBAET €TI0 B KOHEI] AKTUBHOU o4depe i COOTBETCTBYIONIET'O IIPUOPUTETA.

Ob6paruTe BHUMAHUE, ITO KPOME HHHITHAJIH3AIAN YCTPOHCTBA JApaliBep mepes 3achlTaHueM eIre yCTaHABJIH-
BaeT «OYIUIBHUK» — TaiiMep, KOTOPBIH JOJKeH pa3byauThb MpoIecc depe3 3ajaHHbII HHTEePBAJ BPEMEHH.
D10 HEOOXOJUMO Ha CJIydall, ecau HPOU30HIeT alnapaTHas OMHOKa U yCTPOHCTBO He CreHEPUDYeET MPEPhIBa-
aust. Ecim 661 Takoit OymuipHEK He ycTaHABIHBAJICS, APaiiBep B cJaydae OIMIHOKH MOI ObI 3aCHYTH HABCEL/A,

3a0JIOKHPOBAB [PH 3TOM IOJIb30BaTEIbCKHI ITPOIIECC.

Eme onina ocobernnocTs cuaxponubix gpaiisepos B OC cemeiictBa Unix cocTouT B TOM, 4TO BCe oriepa-
I[IM BBOJIa/ BBIBOJIA, & TAKKE BCE OCTATBHBIEC OIIEPAIIH, TIEPEBO/ISIIIE TIPOIECC B COCTOSTHUE OYKUJIAHST, MOTYT
OBITH ITPEPBAHBI cUrHaJIOM?. IIpu sTOM cucTremHbBIil BBI30B Bo3BpalmaeT kKo ommuoku EINTR, roBopsiuii o
TOM, 9TO BBI30B OBLI IIPEPBAH U, BO3MOXKHO, OIEPAIUIO CJIeJyeT MOBTOpuTh. Hanpumep, mosib30BaTe/ IbCKMil
IIPOIECC MOYKET MCIOJIB30BaTh curHa) SIGALARM i1t TOro, YTOOBI YCTAHOBUTH CBOI COOCTBEHHBIN OyIMIHLHUK,
CATHAJIM3UPYIOMNIL, YTO Oollepalns HaJl yCTPOUCTBOM HMCIIOJHAETCS IOJO3PUTENBHO JI0JTO.

Eciin npaiiBep He yCcTaHOBUT CBOEro OYIMIBHUKA U HE CTAHET OTPADATHIBATH CUTHAJIBI, ITOCJTaHHBIE MPOIEC-
Cy, MOXKET BO3HUKHYTh OYeHb HempusiTHasg cutyarus. Jlego B Tom, gto B Unix Bce cUrHajbI, B TOM YHCJ€ U CUTHAJ
6e3ycyioBHOro yomitictBa SIGKILL, 06pabaThIBAIOTCS MPOIEIYPOil MOCTOOPAOOTKN CUCTEMHOIO BbI3oBa. Ecym apaiiBep
HE IepeJIaeT YIPAaBJIEHUs IIPOIE/Lype ToCTOOPabOTKH, TO M CUTHAJ, COOTBETCTBEHHO, OKA3BIBACTCS HEOOPAOOTAHHBIM,
IIO3TOMY IPOIIECC OCTAETCsT BUCETh. JIpyrux cpencTs, KpoMe MOCBLIKK CUTHAJIA, JIJIsi YHUITOXKEHUS IIPOIECCa B CUCTe-
Max cemeiictsa Unix me mnpemycmorpeno. [losromy mporece, 3aBuciiuii BuyTpu oOpaleHus K IpaiiBepy, OKa3bIBA€TC
HEBO3MOYKHO MMPEKPATUTH HU U3HYTpH, HU u3BHe. OMH M3 aBTOPOB CTOJKHYJICS C STUM IIPU SKCILIyaTAI[H MHOTOIIPO-

neccopuoit Bepcun cucrembl SCO Open Desktop 4.0.

Cucrema Oblna cHabXKeHa JIEHTOIIPOTSI)KHBIM yCTPORCTBOM, MOAK/I0YaeMbiM K BHerrHelr SCSI-mmue. M3-3a
aImapaTHbIX MIPOOJIEM 9TO YCTPONCTBO MHOTJA «3aBUCAJIO IIPEKpAaIasi OTBEYaTh Ha 3allpOChl cucTeMbl. /IpaiiBep JieH-
TONPOTS2KKYU WHOT/IA TPABUJILHO OTPAOATHIBAJI 9TO COCTOSHME KAK AlIapaTHYIO OMMOKY, & WHOT/A TOXKE BIAIAT B

CTYLOD, He NPODOYKIasiCh HU O COBCTBEHHOMY OYIMJIbHUKY, HU II0 CHI'HAJIAM, [IOCJIAHHBIM apyrumu mnpoueccamu (ITo

TTonsiTiie curHasa KpaTko o6cykaanoch B 4.3.1.
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UMEIOIINMCS V aBTOPa CBEJIEHUSIM, 3Ta IpobseMa crieruduIHa IMEHHO JJIs MHOTOIIPOIECCOPHO#T Bepcuu cuctembl. 11o
BUJIIMOMY 9TO O3HAYAET, 4TO OMubKa JONYIIEeHa He B IpaiiBepe, a B Kojle cepBUCHBIX dyHKIuit). B pesysbrare mpormecc,
obpaInaBInuiicss B 9TO BpeMsl K JIEHTe, TaKyKe HAMEePTBO 3aBUCAJI U OT HErO OKA3bIBAJIOCh HEBO3MOXKHO M30ABUTHCSI.
W3-3a nammuus HeyOUBaeMOTO IPOIECCA OKA3bIBAJOCH HEBO3MOXKHO BBLIIIOJIHUTH HOPMAJILHOE 3aKPLITHE CHU-
CTEMBI; B YACTHOCTHU, OKA3bIBAJIOCH HEBO3MOYKHO PA3MOHTUPOBATH (hANJIOBbIE CHCTEMBI, TJi€ 3aBUCIIHI ITPOIECC MMEJ
OoTKpbITHIE (bailiabl. BoirmosHenne Xo0nHON mepe3arpy3Kn CUCTEMBI ¢ HEPA3MOHTHPOBAHHBIMY (DAMIIOBBIMUA TOMAaMU
MIPUBOJIMJIO K HEMPUSTHBIM MOCJTEJICTBUAM st 5TuxX ToMoB. OjHa W3 aBapuii, K KOTOPBIM 3TO MPHUBEJO, HTOJAPOOHO

onuchIBaeTcs B paszene 8.4.2.

Heycranoska OynuibHuKa U HEeyMeHHE 00pabaThbIBATh CUTHAJIBI ABJISIOTCA ITPYOBIME OIMUOKAMU, KO-
TOpbIe BO3MOXKHBI HE TOJILKO B CHHXPOHHOW MOJIE/H JipaiiBepa, HO U B OOJILIIMHCTBE ACHHXPOHHBIX MOJEEH,

KOTOPBIE OY/IyT PacCMaTPUBATLCS HUZKE.

CunXpOoHHasi MOJIEJIb JpaiiBepa OYeHb MIPOCTA B PEAJIM3AINU, HO UMEET CYIIECTBEHHBIN HEJI0CTATOK
— mpuBeJIeHHBbIN B ipuMepe 12 npaiiBep HepeenTepabesieH. [Ipesonaraercs, 9To TakOil ApaiiBep MO3BOJISET
paboTaTh ¢ yCTPOUCTBOM TOJIBKO OJTHOMY IIPOIIECCY, & Ha ODpAIeHrs CO CTOPOHBI OCTAJBHBIX IIPOIECCOB OT-
BEYAeT «YCTPOMCTBO 3aHATO». Takoe moBejieHne ObLIO ObI PA3YMHBIM JIJIsI JIEHTOIPOTSYKEK MJIA TEIATAIOIIIX
YCTPOMCTB, HO HEYA0OHO JJIsi TEPMUHAJIOB M COBEPIIEHHO HEJIOIMYCTUMO Jjisi TucKOB. [losTomy naxke B 110J1-
HOCTBIO MOHOJIUTHBIX cucTeMax ceMeiicTBa Unix, Taknx kak Linux u FreeBSD, napaiiBepbl 6,I09HBIX yCTPORHCTB
UCIIOJIL3YIOT ACUHXPOHHYO MOZIeb (cM. 7.3.4), a CHHXPOHHBIE JpailBepbl TEDMUHAJIOB IOPA3/I0 CJIOXKHEe IPU-

Mepa 12.

7.3.3 AcuHXPOHHBII BBO/I/BbIBOJ

WHoit moix0o/1 UCIOIb3yeTcst B MUKPOsIIEpHBIX cucreMax: B Takux OC «CHHXpOHHAasi» JacTh JpaiiBepa BbLIe-
JIIETCS B OTJEIbLHBIN IIPOIECe, B3aUMOJACHCTBYIONINN ¢ OCTAIBHON cucTeMOl depe3 omepanuu send/receive.
Huzke nipuBejieH mpuMep TaKoro JipaiiBepa, HaIMCAHHBIN Ha TceBjIoKojie. [IceBmoKo mpejicTaBiigeT
coboit a3bik C, pacIImpeHHbIi aHaI0roM omeparopa select sa3nika Ada. DToT omeparop MO3BOJILET OXKUIATH
JaHHBIE OJIHOBPEMEHHO M3 HECKOJIBKUX IIOPTOB; IPH IPHUXOIE JaHHBIX M3 KAKOI0-JIM00 IOPTa MCIIOJIHSIETCS
cooTBercTByIomuil Kox. CUHTaKCHC olepaTopa aHaJorudeH omneparopy switch() sasoika C.
[Tpenmoaraercst, 9T0 MEKPOSIIPO HOJJIEPKUBAET CJIETYIOININE OIIEPAIIAN:
send(Port port, char * data, int data_size): moc/jaTh JaHHBIE B TIOPT.

receive(Port port, char * data, int data_size): mnosyunTh JaHoble u3 1opra. BEcian

data == 0, JaHHbIC UTHOPUPYIOTCA.

when (Port port, char * data, int data_size): aHAJIOTMYHO receive, HO UCIOJIB3YETCS B OIE-

paTope select Opu O2KUJaHUMW JaHHBIX U3 HECKOJIbKHX IIOPTOB.

IIpumep 13

// TlpuMep npaiiBepa KIaBHATypsl B MUKDPOALEPHOH cuCTeMe.
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// (C) Imwrpmit Wpreros 1995

// Topt nna

extern Port

// TopT nna

static Port

obMeHa pmammbeMu c azpoM 0C.

0S_port;

CHHXPOHM3aIUK C 06paboTYMKOM IIpepHBaHUH

internal_port;

char buffer[1024];

int last_char, first_char;

int count; // CueTumr cuMBOJOB B 6ydepe

// 9Ta QyHKIUS CYWTHBAET KOJI HAXaTO! KIaBHIK

// 73 ¢W3UIECKOTO HOpTa KIABUATYPH.

extern char get_char();

interrupt keyboard_handler() {

// CuuTaTh KOI HaXaToll KIaBWIN

// u oTmaTe ero <<CHHXPOHHOMy" IpoIeccy

char ch;

ch = get_char();

send(internal_port, &ch, 1);

void driver_body() {

char ch;

int i;

while(1) {

select(internal_port, 0S_port) {

when (internal_port, &ch, 1):

// TomyuuTs cumMBON OT 06paboTYMKa IIpepHBAHUS

// m TIOMeCTHTb ero B KOIbIEBOH# 6ydep.

// Ecmm 6ybep HONOH, M3ZATh 3BYKOBOM CHUIHA.

if (last_char !'= first_char) {

buffer[last_char] = ch;

last_char = (last_char+1) & 1023;

count++;

} else beep(Q);

continue;

when (0S_port,

114
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&request_header,

sizeof (request_header)):

switch(request_header.rq_type) {
case RQ_READ:
// ChopMEpOBaThH 3arOJIOBOK.
request_header.rq_result-code = READ_OK.
if (count == 0) {
// Ecmu 6ydep myCT, CYUTATh XOTS OB OLWH CHUMBOI.
receive(internal_port, &ch, 1);

buffer[last_char]

ch;
last_char = (last_char+1) & 1023;

count++;

if (request_header.data_size > count)
request_header.data_size = count;
// OTmpaBUTb 3arojIOBOK B IOPT.
send (0S_port,
&request_header,

sizeof (request_header));

i = request_header.data_size;

// TocnaTb namHbe u3 b6ydepa B HOPT.

for (; i; i--) {
send (0S_port, &buffer[first_char], 1);
first_char = (first_char+1) & 1023;

count--;

break;

case RQ_SHUTDOWN: // 3aBepmuTs paboTy mpaiiBepa:

return;

case RQ_WRITE:
default:
// He yMeeM BHIONHATL LPYyTHe 3aIpPOCH:
request_header.rq_result_code =
COMMAND_NOT_SUPPORTED;
receive(0S_port, O, request_header.rq_data_size);

send (0S_port,
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&request_header,
sizeof (request_header));
break;
} // end case
continue;
} // end select
} // end while

void init_driver() {
set_interrupt_handler (KEYBOARD, keyboard_handler);

create_port(internal_port);

last_char = 0;
first_char = 1023;

count = 0;

process_start (driver_body) ;

[IpuBeneHHbIil TpUMEpP TaKKe CUYUTHIBAET TOJHKO JAHHBIE, yXKe Haxojusiiunecsd B Oydepe Ha Mo-
MEHT 3ampoca. Bupodem, ceifyac y»Ke OTHOCUTEJHHO JIETKO PEaU30BATh UTEHHUE IO CTPOKaM: Hadas obpa-
OOTKyY 3ampoca YTEHHUsl, Mbl MOXKEM OCTAHOBUTBHCS U IOJIOXKJIATH HOBBIX CUMBOJIOB, WMCIIOJIb3Ysl OIMEPAIIAIO
receive(internal_port, ...), IOKa HE BCTPETUM KOHel CTpOKU. Mjn ke MbI MOXKEM BO3JIOXKUTH PasOu-
eHre MOTOKA JaHHLIX HA CTPOKHU HA MPOrPaMMYy ITOCTOOPAOOTKHU, KAaK 3TO CIEJaHO B CHUCTEMax ceMmeiicTBa

Unix.

SﬂGCb BO3HHKaeT I/IHTepeCHbHZ BOIIPOC: 00s13aHa JIH IOJIb30BATE/IbCKAST nporpaMmMa O2KHu/iaTb OKOHYaHHUs OIle-

panmun? Boobiiie ropopsi, He obsi3aHa, HO 3TOT BOIIPOC IIOJApobHee byner obcyKaaTbes B 1. 7.3.5.

[Ipenmosiaraercsi, 9T0 MUKPOSIIPO OOMEHUBAETCS C JIPABEPOM COOOIEHUSIMU, COCTOSAIIMMU U3 3aT0-
JIOBKa, CTaHIAPTHOTO popMaTa M, BO3MOXKHO, OJIOKa JIAHHBIX IIEPEMEHHON JIJIMHBI. 3aroJIOBOK COIEPIKUAT KOJI
3alpoca: 4TeHue, 3aluch U T.J., KOJUIECTBO COILyTCTBYIOIINX JIAHHBIX U 10Jie, B KOTOPOM /JipaiiBep BO3Bpa-

IaeT KOJ pe3yJjbTaTa Oll€pallun.

B mameMm mpuMepe IPUBOINTCA TOJIBLKO KO CAMOTO JpaiiBepa. UHTATeTI0 IMpejiaraeTcs caMOCTOsI-

TeJILHO MPEJICTABUTH cebe KOJI MPOorpaMM IpeJl- U HoCcTOoOpabOTKH.

JI1060MBITHO, 9TO B TPAHCILIOTEPE TOI00HDII IpaiiBep OBLI ObI eIlle IPOIIe: Mbl U30aBUINCH ObI OT 00pabOTINKA,

IIpepbIBaHUA. Bwmecro sToro mbr IIPOCTO CYUTBIBAJIN ObI JaHHbIe U3 CI)I/ISI/I‘{GCKOFO JINHKaQ OHean,I/Ief/'I get.

OcHoBaHHast Ha MUKPOsIJIPE ACHHXPOHHAS MOJIEJb JpaiiBepa pemiaeT mpobjieMy peeHTepadeIbHOCTH.

OcCHOBHBIM HEeJOCTaTKOM ,ZL&HHOﬁ MOJEJIN ABJIAIOTCA OTHOCHUTEJIBbHO 0OJIbIIINE HaKJ/IaJHbIE€ PAaCXOAbl — IIPUMMN-
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TuBbI send/receive HAIEr0 MUKPOsi/IPA OCYINECTBIISIOT KOIIMPOBAHHUE JAHHBIX; KDOME TOr0, 3TH IIPUMHUTUBBI
COIIPOBOXKIAIOTCS OGJIBIITMMHI HAKJIATHBIMU PACXOJAMU, YeM IPsIMble BbI30BbI B CUHXPOHHON Mojenun. Ona-
KO, Kak mokasbiBaer npaktuka QNX u VxWorks, B jeficTBUTeIBHOCTH 9TH PACXO/bl HEBEJIUKH (HAIpUMED,
B MOHOJINTHBIX cHcTeMax cemeiicrBa Unix Toxke IPOUCXOIUT KOIMMPOBAHUE JAHHBIX B cHCTeMHbIe Oydepa) un
ONITUMAJIBLHO PEAIM30BAHHOE MUKPOSIIEPO HE YCTYMAeT 0 MPOU3BOINTETHHOCTH MOHOJIUTHBIM CHCTEMAM WJTH

JlazKe IIPEBOCXOJUT HX.

7.3.4 AcuHXPOHHBIl BBO/I/BBIBO,

B cuCcrteMax C MOHOJIUTHBIM AJPOM

PHIL CHUCTEeM C MOHOJIMTHBIM AJPOM TaK2Ke peaJII/I3yIOT aCI/IHXpOHHbeI BBOIL/BI)IBO,[L7 I/ICHOJIb3y$I BMECTO IIPSAMOTO
BBI30Ba (PYHKIMIL JIpaiiBepa yCTaHOBKY 3alpoca B ouepeib. 1loxkairyit, HanboJjiee Oy IuTe/IbHA B 9TOM CMBICJIE
CTPYKTYpa JpaiiBepa B onepanuonHoii cucreme VAX/VMS.

C ToYKM 3peHus TIJIAHUPOBIIUKA JpaiiBep MpeICcTaBiserT coboil IPOIEece ¢ YKOPOYEHHBIM KOHTEKCTOM, TaK Ha-
3biBaeMblil fork-mportecc. YKopodeHue 3aK/IF09aeTCsl B TOM, 9TO JipaiiBep MOxKeT paboTarh TOJBKO C OJHUM OAHKOM
BUPTYaJbHON MAMSTH U3 TPEX; TaKUM 00pPa3oM, IPHU MEPEKTI0YEHUN KOHTEKCTa 3aJeiCTBYeTCs MEHBIIE PErUCTPOB
nucrerdepa naMsaTu. Fork-mporece mmeer 6osiee BBICOKUIT MIPUOPUTET, Y€M BCE IMOJIb30BATEIbCKHE MTPOIECCHI, U MO-
2KeT OBITh BBITECHEH TOJILKO Oostee npuopurerHbiM fork-iporeccom. Bmecto ob6branoro meckpunropa mnpomecca (PCB —

Process Control Block) ucnonssyercst UCB — Unit Control Block, 6710k yrnpasiieHust ycTpoicTBOM.

JpaiiBep mosiyuaer 3ampochbl Ha BBOJI/BBIBOJ Ye€pe3 OdYepe/b 3allpOCOB. DJIEMEHT ouepeju Ha3blBaercs IRP
(Input[-Output] Request Packet — naker 3anpoca Boja,/BbiBosa). O6paboras IepBbIil 3aIpOC B 0Yepe i, apaii-
Bep HaumHAeT 00pabOTKY cireaytornero. Omeparun Hal OUepeIbio 3aIPOCOB BBITOTHSIIOTCS CIENUAIbHBIMA KOMAHIaAMI
nporieccopa VAX u siByisiiorcst aromapHbiMu. Ecau odepenpb mycra, fork-mpornecc 3aBepraercs. [lpu nosiBjieHnn HOBBIX

3aIPOCOB CUCTEeMa BHOBb cozgacT fork-mporrecc.

IRP comepzKuT: KO/JI olepanun (‘{TeHI/Ie, 3alUCh UJIN KO, SPFUN3); azpec 6JI0Ka JTAHHBIX, KOTOPBIE JTOIKHBI OBITD
3anucanbl, win Oydepa, Kylda JaHHbIe HEOOXOJAMMO TMOMECTUTH; WH(POPMAIINIO, UCIOIb3yeMyIO MPHU MocTOOpaboTKe,

TaKyio KaK UIeHTU(UKATOP MIPOIECCa, 3AIIPOCUBIIETO OIEPAIUIO.

B 3aBuCHMOCTH OT KO/la ONEpaIiy IpaiiBep 3allyCKaeT COOTBETCTBYIONIYIO noanporpammy. B VAX/VMS anpec
mo/porpaMMbl Beioupaercss n3 tabymisl FDT: Function Definition Table. TloanmporpavMva wHUIMUpyeT omepamnuio u
npuocTtanasauBaeT fork-mporecc, Tem caMbIM BO3BpAIlasi yIIPaBJIEHAE CUCTEME. 3aTeM, KOTJ[a IPOUCXOAUT IIPEPHIBAHUE,
ero obpaboTunk BO300HOBJsieT ucroJsiHeHue fork-mponecca. Kak u B npumepe 12, mprocraHOBKa W BO30OHOBJIEHUE

MCIIOJIHCHU A fork-Hpouecca BBIIIOJIHAIOTCA COOTBETCTBYIOIUMU CEPBUCAMU dJIpa.

B mekoTOpBIX caydasx o0pabOTINKY TpEPBhIBAHUS TPUXOIUTCI PEIaTh 0oJiee CA0KHYIO 33a4y: OIpPeIessaTh,
Kakoit m3 fork-mporeccoB HeOOX0UMO aKTUBU3UPOBaTh. Hampumep, TepMUHAJBHBIN MYyJIbBTUILIEKCOD ODC/IYyKHUBaET
HECKOJIbKO (HEKOTOpBbIe Mojiesin — J0 64) mocsieoBaTe/bHbIX KAHAJIOB, HO UMEET TOJIBKO OJHO npepbiBanue. C Kax-
JIBIM U3 KaHaJoB accoruupoBan cBoit UCB u coorBercrBeHHO €BOi fork-mporiecc. O6paboTUNK MpephIBAHUST JTOJIZKEH

onpenaeanTb, KaKOU U3 KaHaJIOB BBI3BAJI CO6bITI/Ie, " aKTUBU3UPOBATH IIPOIECC, CBSI3QHHBINA C 9TUM KaHAJIOM.

3Crennanbuas dbynkus, mogobHas ioctl B cucTeMax cemeiicrsa Unix.
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OkonunB 06paboTky 3arpoca, fork-mporece npaiiBepa Bo3biBaeT AST, curHAIU3MpYsT TpoOrpamMme mocTobpa-

GoTKI 06 OKOHYAHUU 3aIIPOCA.
Bosee moapobuo oprarusanus mojcucreMsl BBoga,/BeiBota B VAX/VMS onucana B paborax [11] u [15].

AnanornanbiM 06pasom ycrpoenbl japaiiepbl B OS/2. JTaxke sj1eMeHT ouepein 3aIllpOCOB TaM Ha3bl-
Baercs IRP. Tounee, mosesnb jpaiiBepa B OS/2 noxoxka Ha Hare ommcanue paborsl jpaiisepa B VAX/VMS,
HO CTPYKTypa caMoro jpaifisepa otimuaercs. Ipaiisep B VAX/VMS cocrour u3 nabopa tabiur dbukcupo-
BAHHON CTPYKTYPBI, 380X TOYKHA BXOJA B IMOAIPOrPAMMbBI 0OpabOTKH, W CAMUX ITHUX IOIIMPOrPAMM.
Hanporus, apaiisep B OS/2 npecrasisier coboii 3arpy304HbIil MOJIYJIb C €JIMHCTBEHHBIM 00sI3aTeJIbHBIM 16
MEHTOM: 3aroJIOBKOM ApaiBepa, KOTOPBIA 33JaeT TOYKN BXOJa WHUIMAJIU3AINOHHON NPOrpaMMbl JapaiiBepa
n mporpammbl fork-mporecca, koropasi HasbiBaeTcsi cTparerndeckoil dynkmueii ycrpoiictBa (device

strategy function).

Tepmun device strategy function ynacnenosan u3 cucrem cemeiictsa Unix. X0oTss BO MHOTUX CUCTE-
MaX 3TOr0 CeMefiCTBa UCIOJIb3YETCsI TIOJIHOCTBIO CHHXPOHHAST MOJEJIh pabOTHI ¢ MTOC/IEI0BATEIbHBIMIA YCTPOii-
cTBaMu, OJIOYHBIE YCTPOHCTBA C CAMOro HavaJja MCIOJIL30BAIU ACHHXPOHHYIO MOJIE/b, OCHOBAHHYIO HA Ove-
peay 3alpocoB. 3alpochl 00PabaThIBAIOTCS CTPATErHYIECKO (DYHKIINMEH, KOTopas IIPeICTaB/IsieT cob0oi Ko-
oneparuBHbIil nporecc. Tak ke, kak fork-nporiecc B VAX/VMS, crparerndeckasi pyHKIs 3aBepIIaeTcst IpH
OILYCTOIIIEHNH OYepeu 3alpocoB. 1Ipu MosiBJIEHNN HOBBIX 3allpOCOB sIIPO Iepesalyckaer ee. Bydepusarus
3aIPOCOB 1 (POPMUPOBAHNE OUEPEU OCYIIECTBIISIETCSI CIIENINAIbHBIM MOJLYJIEM CUCTEMBbI, KOTOPBIIl HA3BIBAETCST

AUCKOBBIM K3MieM. [Ipuniun paboTbl AUCKOBOTO K311a OyaeT 00CyKIaTbCs B II. 7.3.6.

B Unix System V cymecrsyer moayias STREAMS, kotopbiit ocyrecTsisier 6ydepu3aiuio u «acH-
XPOHM3AIUIO» 3AIIPOCOB K IMOCJEI0BATE/bHBIM ycTpoiicTBaM. /lpaiiBepbl, paccuuTaHHble HA PAOOTY C STUM
MOJLYJIEM, TaK¥Ke MPEJOCTABJISIIOT CTPATErHIECKYI0 (DYHKIIMIO BMECTO HEIOCPEJICTBEHHO BBI3BIBAEMBIX (DYHK-
nuit read/write. Unix System V Release 4 umeer MUKpOSIJIEPHYIO apXUTEKTYPY, TIOSTOMY B Hell Bee JpaiiBephbl

ABJIAIOTCA aCUHXPOHHBIMH.

Mogens apaiiBepa, OCHOBAHHYIO Ha (POPK-IIPOIECCAX WA CTPATETHICCKUX PYHKITUIX MOYKHO CINTATH
TIEPEXOTHON MeYK Ty MOHOJUTHBIM SIIPOM U MHUKPOSIIPOM, & OIEPAIUN HAJ OYePe/IbI0 3alPOCOB MOXKHO CUHU-
TaTh peaju3alueil TpuMUTUBOB send/receive. [1o3TOMy MOXKHO NOBOPUTH O HENMPEPBHIBHOM CIIEKTpe Oojee
UM MeHee MOHOJIMTHBIX (nim 6osiee M MeHee MUKPOSIIEPHBIX ) apXUTEKTYP sAIpa, € MOJHOCTHIO MUKPOSIED-
aeiMu cucreMamu (Hanp., QNX) Ha O7HOM KOHIE CHEKTpa M IMOJHOCTHIO MOHOJTMTHBIMU — Ha JApyrom. [Ipu
9TOM JIazKe MOHOJIUTHBIN «KJraccudaeckuits Unix OymeT nMeTh HEKOTOPbIE MUKPOSAEPHBIE IePThI; MTOJTHOCTHIO

MOHOJIUTHON MOXKHO cUnMTaTh, pa3se uro MS DOS, na u To mpu OTCyTCTBUH ACHHXPOHHOTO JIHCKOBOTO KIIIIA.

7.3.5 AcuHXpOHHas MO/IeJib BBO/Ia/BBIBO/IA

C TOYKW 3pEeHUus NPUJIO>KEHUN

B . 7.3.3, obcyxast acHHXpOHHYIO MOJIE/b JipafiBepa, Mbl 3aJIaJIUCh BOIPOCOM: JIOJ2KHA, JIU MPUKJIAHAS

IIporpamMmMma, C(bOpMI/IpOBaB 3aIIpoC Ha BBO,ZI,/BI)IBO,H,7 JO2XKNJATHCA €TI0 BaBepIHGHI/IH? BG,H,I) CucTreMa, IIpUHAB



7.3. Bwi30B ¢yuKnlll JIpAUBEpA 119

3aIpoc, IepejlaeT ero aCHHXPOHHOMY JIpailBepy, KOTOPBIM MHUTMUPYET OIepalnio Ha BHEITHEM yCTPONHCTBE
u ocBoboxkmaeT mporeccop. CaMa cucTeMa He OXKUIAET 3aBepIleHus 3amIpoca. Tak Jo/KHA JIU IporpamMma

OXKUJATH €ro?

Ecu 6b1710 3amporiieHo 4yTenne JaHHbIX, TO OTBET, HA MEPBBIA B3TJIA, OYEBUICH: JOo/KHA. Beas ecu

JIAHHBIE 3aIIPOIIEHBI, 3HAYNT OHU ceffyac Oy/IyT HYKHBI IIPOI'DAMME.

OjpiHako mporpaMMa MOXKET BBLIEIUTH Oydep s JAHHBIX, 3alPOCUTb YTEHUE, [TOTOM HEKOTOPOe
BpeMsl 3aHUMAaTbCd 4eM-TO II0JI€3HBIM, HO HE OTHOCSAIIUMCH K 3allpOCy, U JIUIIb B TOYKE, KOIJla JaHHbIe /eii-
CTBUTEJIBHO OY/IyT HY2KHBI, CIIPOCUTH CUCTEMY: & TOTOBBI JiU JlaHHble? Kc/in TOTOBBI, TO MOXKHO IPOIOJIKATH

pabotry. Ecyn HeT, TO npuaeTcs XKIATh.

Bo muorux IIPUJIOZKEeHUAX, 0CODEHHO NHTEPaKTUBHBIX, TaKOC aCUHXPOHHOE YTCHNE OKa3bIBaCTCA €/ INH-
CTBEHHO IIPpUEMJIEMbIM BapUaHTOM, IIOCKOJIbKY OHO IIO3BOJIAET 3a/Ja9€¢ OAJHOBPEMEHHO OCYHIIECTBJIATDH 0OMeH ¢
HECKOJIbKUMHI NCTOYHUKaMU JaHHDbIX 1 TaKNM o6pa30M TOBBICUTD IIPOITYCKHYIO CIIOCOOHOCTD I/I/I/I.HI/I yYydqHmnTb

BpeMd peaKIN Ha 3aIllpOC IIOJIb30BaTeJId.

Hamporus, npu 3amucu, ka3ajgoch Obl, HET HEOOXOIUMOCTU JOKUJIATHCS (DU3MIECKOTO 3aBEPIIEHUS
ornepaiun. [Tpu 3T0M MBI TI0JTyYaeM pexKUM, U3BECTHBI KaK OTJIOKeHHas1 3anuch (lazy write — «jienusasi»

3alliCh, €CJIM IIE€PEBOJIUTH ,HOCJIOBHO). O,H,HaKO TaKOM PeEXKUM CO3JaeT ABE CHGHI/I(i)I/I‘{eCKI/IG HpO6J161\U)I.

Bo-mrepBrix, nmporpamMmMa goJIKHA 3HATH, KOTIa € MOXKHO HCIIOJIB30BaTh Oydep ¢ JaHHBIMU JIJIS IPY-

TUX IEeJIe.

Eciin cucrema Komupyer 3alucbiBaeMble JIAHHBIE U3 II0JIb30BATEIBCKOIO aJ[PECHOIO IMPOCTPAHCTBA B
CHUCTEMHOE, TO 9Ta 2Ke IIpobjIeMa BOHUKAET BHYTPH sA/Ipa; BHYTPHU s1Jipa IpobJieMa PeIaeTcs UCIOIb30BaHIEM
MHOTOOY(hEpPHOI CXeMBbI, U BCE OTHOCUTEIBLHO IpocTo. OIHAKO KOMMPOBAHUE MPUBOIUT K JIONOJHUTETHHBIM
3aTpaTaM BpeMeHu u TpedyeT BbleseHus namsatu nojn Oydepa. Hanbosee octpo sTa mnmpobsiema BCTaeT IMpu
paboTe ¢ TUCKOBBIMU U CETEBBIMHU YCTPOMCTBAMU, C KOTOPBIMU CACTEMA OOMEHUBAETCsT OOJIBIITUMHI 00 beMaMu

naHHbIX. [Ipobiema ynpaBiaeHns TUCKOBBIMU Oydepamu moapobHee obcyx)taercsa B 7.3.6.

B 6oabninHcTBE COBPEMEHHBIX BBIYUC/IUTEIBHBIX CUCTEM ODIIEro Ha3HAYEHUS HAKJIAJHBIE PACXOJIbI,
o0ycJioBJIeHHBIe Oydepu3sarueil 3alpocoB, OTHOCUTEIbHO HEBEJIMKH UJIU 110 KpailHeil Mepe CUYUTAIOTCHA ITPU-
emstembiMu. Ho B cucreMax peasbHOrO BpeMEHH M/W/IM BCTPAMBAEMbBIX KOHTDOJLIEDAX, IJie BpeMs M 00beM

OHepaTHBHOfI IHaMATHU 2KECTKO OI'PaAHUYEHDbI, 3T PACXOAbl OKA3bIBAIOTCA CEPHE3HLIM d)aKTOpOM.

Ecnu ke BMecTo cucreMubix 6y(depoB UCHOIL3YyeTCs OTOOpaXKeHNe JAHHBIX B CUCTEMHOE aIPECHOE
[IPOCTPAHCTBO (CHCTEMBI C OTKPBITOl IIAMSITHIO MOYKHO CIMTATh BBIPOXKJIEHHBIM CJIydaeM TaKoro oTobpake-
HIs1), TO CATyalusl yCJIOoXKHsieTcsl. IIporpamma J0KHA IMETh BO3MOXKHOCTH y3HATH O (PU3NIECKOM OKOH-
YaHUU 3AIUCH, IOTOMY UTO TOJLKO IOCe 3Toro Oydep meiicTBuTeNbHO ¢BOOOMeH. PaKTHIECKH, IIPOrPaMMa

JIOJIZKHA CAMOCTOATEILHO PEAIN30BATh MHOTOOYMEPHYIO CXeMY MJIA UCKATDH JIDYTUE BBIXOJIBI.

BO—BTOpI)IX, nporpamMma J0JIZKHa JIO2KJIaThCAd OKOHYaHMWA OII€epaliu, 4TO0BI y¥3HaTb, yCII€IIHO JIM OHa

3aKOHYINJIaCh.
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YacTb ommbokK, HAIPUMED, MOIBITKY 3aIMCH Ha YCTPOHCTBO, DU3MIECKN He CIHOCOOHOE BBIIOJHUTH
TaKyIO OIEPAaIUiO, MOXKHO OTJIOBUTD €Ille BO BpeMsi IPeI00PabOTKH, OJIHAKO AIIapaTHbIE TPOOIEeMbl MOTYT

OBITh OOHAPYZKEHDBI TOJBKO Ha (ha3e UCIOTHEHUST 3aIIPOCA.

Muorue cucTeMbl, PEAIM3YIONINe OTI0KEHHYIO 3alUCh, IIPU ODHAPYKEHUN AIIapaTHON OINUOKU ITPO-
CTO yCTaHABJIUBAIOT (Jjiar omubku B OJIOKe yipaBjieHus ycrpoiicrBoM. [Iporpamma mpemobpaborku, obHa-
PyKuUB 3TOT (pJiar, OTKA3bIBAETCS UCIOJHATD Ceayomuii 3ampoc. Takum obpa3oM, IpUKJIaHast IporpaMmma
CUNTAET OMMUOOYTHO 3ABEPIITUBIIHUIICA 3AIIPOC YCIIEITHO BBIIOJHUBITUMCA U OOHAPYKUBAET OIMINOKY JIUIIh ITPU

OJTHOI M3 CJICIYIONINX ITONBITOK 3aIlMCU, YTO HE COBCEM ITPABUJIBLHO.

WNuorma sry mpobiemMy MOXKHO UTHOPUPOBaTh. Hampumep, eciu nmporpaMma BCTPEUAET OJIHY OITUOKY
[IpU 3AIUCH, TO BCE MCIIOJHEHUE IPOTPAMMBI CUMTAETCS HEYCIIEITHBIM U Ha 3TOM 3akaHunBaeTcs. OHAKO BO
MHOTHX CJIydasix, HAllpUMEp B 3aJ[a1aX yIIPaBJIEHNUs [IPOMBIIIJICHHBIM WJIH UCCJIEOBATETECKUM 000Dy I0BAHU-
eM, IIporpaMme HeoOXOUMO 3HATH PE3YJIbTaT 3aBEPIIEHUS OIEPAIUH, TO3TOMY ITPOCTAast OTJIOXKEHHAS 3aIUCh

OKa3bIBa€TCsl COBEPIIECHHO HerHeMHEMOﬁ.

Tax nin unate OC, peasnsyromnias aCHHXPOHHOE UCIIOJHEHIE 3aIIPOCOB BBOIA,/ BBIBO/IA, JOIZKHA NMETh
CpeIICTBa COOOIUTD MOJIb30BATE/ILCKON ITporpaMMe 0 (PU3NIECKOM OKOHYAHHUU OIEPAIiN U PE3yJIbTaTe ITOH

OTIepaIlH.

Hanpuwmep, B cucremax RSX-11 u VAX/VMS dbupmbr DEC jyist curxpoHu3anuy ucnojib3yercs dpiar
sgokanbHoro cobbitus (local event flag). Kak rosopusioch B 11. 4.3.2, duiar cobbiTusi B 9TUX CUCTEMAaX
MIPEJICTABJISIIOT CODOU AHAJIOT IBOMIHBIX ceMadOopoB IUHKCTPHI, HO ¢ HIM TaK>Ke MOYKET ObITh aCCOIUUPOBAHA

uponeaypa AST.

Cucremubiii Bbi30oB BBOJA/BbIBoJA B 3Tux OC Haszwaerca QI0 (Queue Input/Output [Request] —
YCTaHOBHUTH B OY€PE/Ib 3aIPOC BBOJA/BBIBO/IA) U nMeeT jiBe hopMbl: acuaxpornyto QI0 u cuaxponHyo QIOW
(Queue Input/Output and Wait — ycranoBuTts 3amnpoc u kaath [3aBepiienusi|). C TOUKH 3peHUs TTOICUCTEMBI
BBO/[a/ BBIBOJIA 9TH BBI30BBI HUYEM HE OTIMYAIOTCsI, TPOCTO Ipu 3ampoce QI0 oxKuaHne KOHIA 3aIpoca, Bbl-
[IOJIHSIETCS II0JIb30BATE/ILCKOM IIPOrpaMMoil «BpYUHYIo», a upu QI0W Boigesenne duiara COOLITUS U OXKUIAHNE

€ro YCTaHOBKU JI€JIa€TCd CUCTEMHBIMU IIpOTEypaMi IIPEJI- U HOCTO6pa6OTKI/I.

B psine cucrem peasibHOro Bpemenu, Harpumep, B OS-9 u RT-11, ucrnosib3yorcsi aHAJIOrTIHbIE MeXar-

HU3MBI.

HaHpOTI/IB, OOJILIITHCTBO COBPEMEHHBIX OC O6HL€I‘O Ha3HaYCHHA HE CBA3BIBAIOTCA C aCMHXPOHHBIMN
BbISOBaMU U IIPEJOCTABJIAIOT HpHKJIa,ZLHOﬁ IporpaMmMe 9mucTo CI/IHXpOHHbeI I/IHTep(i)efIC, TEeM CaMbIM BbIHY2K[as1

€e OKnJJaThb KOHIla OIl€paluu.

BosmoxkHo, 310 06bsicusierca uzaeitabiv iausianem OC Unix. Ha6op onepanumit BBoj1a/BbIBO/IA, peasin-
s3oBaHHbIX B 310it OC, cTaJ obIenpu3HaHHbIM CTaHIAPTOM Je-(haKTO M OCHOBOM JIJI HECKOJILKAX O(MUIIN-
aJIbHBIX cTamgapros. Hanmpmvep, nabop onepanuit BBoga,/BeiBoga B MS DOS ssisiercst mpsimoit kormeit Unix;

KpOME TOT0, 3T orneparmu BxoAsT B craggapt ANSI Ha cucremuble 6ubaunoreku st3pika C u crargapr POSIX.
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Hexkotopele cucrembr, HanpuMep Unix System V R4, paspemaroT mporpaMMUCTy BBIOHPATH MEXKILY
oTsoxkeHHoit 3amucpio no npunruny Fire And Forget (BbicTpesnit u 3a6bli1) 1 MOTHOCTHIO CHHXPOHHOIA,

BBIOMPAasi MEXKJY STUMU PeKUMaMU BbI30BOM fcntl ¢ COOTBETCTBYIOMIUM KOJOM OIEPAIUU.

Paszpa6orunkn npusoxkennii jiist OS/2 u Win32 (Windows NT u Windows 95) wacro crajkuBatoTcs ¢
HEeOOXOIMMOCTBIO ACHHXPOHHOI'O HCIIOJIHEHHsI 3aIIPOCOB BBOJIa/BBIBOjA. PaspabordukamM mpe/jiaraercsi caMmo-
CTOSITEJILHO UMUTUPOBATH ACHHXPOHHBIN OOMEH, CO3/aBast JIJIsl KazKJI0I0 AaCHHXPOHHO UCIIOJIHSIEMOTO 3a11pOca
coii poriecc (HUTH (thread) B npunsTOil B 9THX cucremax TepMuHoa0ruK). OOBIYHO HUTD, UCIOJIHSIIOIIAST
3aIIpOC, TeM UJIM MHBIM CIIOCOOOM COODIIaeT OCHOBHOI HUTH O 3aBepIlieHnH onepanuu. /i sroro vaie Bcero

HCIIOJIb3YIOTCS IITATHBIE CPEJICTBA MEXKHUTEBOI'O B3aUMOJEHCTBUS — ceMadOpbl U Jp.

FpaMOTHOG HCIIOJb30BaHUE HUTEN MO3BOJISIET CO31aBaTh MHTECPAKTUBHBIC IIPUJIOZKEHNA C OYCHDb BbICO-

KM CY6’beKTI/IBHI)IM BpeMeHEM peaKI1, HO 3a 3TO IIPUXOAUTC IIJIATUTH YCJIO2KHEHHUEM JIOTUKU ITPOrpaMMBbI.

JIt0OOIBITHO, UTO «HUTEBAs» ONTUMUBAINS HEMHTEPAKTUBHBIX IIPUJIOKEHNN, OPUEeHTHPOBAHHBIX HA
MHTEHCUBHBII BBOJI/BBIBOJ| (CepBepOB TPaH3aKIuii U Jp.) He IPUBOIUT K CTOJIb BIEUYATIISIFONIUM DE3yJIbTa-
TaM: TeCTbI MOKA3BbIBAIOT, YTO MMPHUIOKEHNsT TAKOIO THUIIA I cucTeM cemeiicTBa Unix okasbIBaioTcst ObICcTpee
WM, BO BCSIKOM CJIydae, He MeJJIeHHee, YeM KBHUBaJeHTHble npuioxkenus st OS/2 wau NT, necmorpst Ha
TO, 9TO OOJIBIIMHCTBO CUCTEM ceMeiicTBa Unix He MMEIOT HUYEro Jake OT/IAJeHHO IOXOXKEro Ha HUTH WJIN

ACHHXPOHHBIIT BBOJ[/BBIBO/I.

Kak 0S/2, rak u Win32 He npeiocTaB/IslIOT CUCTEMHBIX BBI30BOB JIjIsi ACHHXPOHHOI'O BBOJIA/ BBIBOJIA,
9TO HECKOJILKO YJIUBUTE/LHO, TaK Kak obMeH jnanabivu ¢ apaiisepom OS/2 u Windows NT npoucxomur acun-

XPOHHO, IIyTeM YCTaHOBKH 3aIlpOCa B OYEPEIb.

B Windows NT cymectByer cpeicTBo opraHm3anuyi acCHHXPOHHOIO BBOJA/BBIBOJIA — TaK HA3bIBae-
Mble IIOPTHI 3aBepuieHus [onepanuu| (completion ports). OnHako 310 CpeICTBO He MOIEPKUBACTCS B
Windows 95, BO3MOKHO 1M3-3a CHHXPOHHOIT OpraHU3aIlii BBOJA,/BBIBOJA B 9TOIl CHCTEME, OTOMY OOJIBITIH-

CTBO Pa3pabOTINKOB N30EraloT UCIOJIH30BaHUS IOPTOB 3aBEPIIEHNUS.

CI/IHXpOHHaﬂ MOJIeJIb BBO,ZLa/BbIBO,ZLa IIPOCTa B peaJin3alluil U HCIIOJIb30BaHUU U, KaK ITOKa3aJl OIIBIT

cucreM cemeiictsa Unix i ero maeifHbIX HACIEHIKOB

, BIIOJTHE a/IeKBaTHA OOJILIIMHCTBY TPUJIOXKEHU 00111ero
nasHadenus. OHAKO, KaK y2Ke ObLIO II0Ka3aHO, OHA He OYeHb YJI00HA (& MHOTJA M IIPOCTO HEIPUIOJHA) JJIst

3aJlav peaJIbHOI'O BpeMeHHU.

7.3.6 JIuckoBbIii K31II

OYHKIME 1 TPUHIUIIBI PaOOTHI JUCKOBOIO K3IIa CYIIECTBEHHO OTJIMYAIOTCS OT ODIINX aJrOPUTMOB K3IIHPO-
BaHus, obcyzkmaBmuxca B 1. 3.6. /leso B Tom, 9To XapakTep obparnenust K (paiijaM OOBIIHO CYIIECTBEHHO

OTJIMYIAETCST OT OOpAITeHnt K 00/1aCTIM KOJIa U JaHHBIX 3aaa9n. Hampumep, kommuasgTop C 1 Makpomporeccop

4MS DOS, kax ye rOBOPUIOCH, HCIOIB3yeT HpaMyio Kommo Mozean Unix, a 0S/2 u Windows NT BO MHOTHX OTHOIMIEHHSX

apnsioTes Hacaeaaukamu MS DOS, B ToM uuciie u 10 UCTIOIB3YeMOil MOJIEN BBOJIA,/ BEIBOJIA.
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TEX paccMaTpuBaIOT BXOTHBIE W BBIXOIHBIE (hailyibl KAK TMOTOKH JAHHBIX. BXOMHbIE (DAMIbI MTPOINTHIBAIOTCS
CTPOTO TIOCTIEIOBATEIHHO W TOJHOCTHIO, OT Hadaja JIO KOHIA. AHATOTHYIHO BBIXOTHBIE (DAl MOTHOCTHIO
MePE3aNnChIBAIOTCS, W TMEPE3ANNCH TOXKE MPOUCXOIUT CTPOTO TOCTEIOBATENBHO. [[0TBITKA BBIIETUTH AHAJIOT
paboueil 0bacTh P TAKOM XapaKTepe obpallleHnit obpedeHa Ha IIPOBAJ HE3aBUCHMO OT aJIrOPUTMa, Pas3Be

qr0 pabodeil 061aCTbIO OYIyT CANTATHCSI BCE BXOIHBIE W BBIXOIHBIE (DAMIIBI.

Tem He MeHee K3IMIUpPOBaHUE WU, TOUHEe, Oydepusalius JaHHBIX IIPU PAOOTE C JUCKOM UMEET CMBICT
U BO MHOTUX CJIyYasX MOXKET IPUBOIUTH K 3HAUYUTETHHOMY IOBBLIIMIEHUIO MPOU3BOIUTEILHOCTA CUCTEMBI.
Ecnu orcoprupoBaTh MeXaHU3MBI HOBBIIIEHUS TPOU3BOJUTEIHLHOCTH B MOPSIKE UX BAXKHOCTU, MBI TIOJTYIUM

CJIEAYIOIUN CIIUCOK:

1. Pasmernienne B maMaTu CTPYKTYP (DailjoBoil cucteMbl — KaTayoros, FAT wiu Tabiuiist MHOJOB® U T.JI.

STO OCHOBHOU MCTOYHUK IIOBBLIMICHUSI IIPOU3BOIUTEJIBHOCTU IIPpU MCIIOJIB30BaHUN JTUCKOBBIX Ka1m1eii 110/,

MS/DR DOS.

2. OrnoxenHas 3amuch. Camo 1o cebe OTKIIa bIBAHNE 3aIIMCH HE ITOBBIIIAET CKOPOCTH OOMEHA C JIMCKOM,

HO 1103BOJIsieT O0jiee paBHOMEPHO PACIPEIEUTD 3arpy3Ky KaHaJa.

3. I'pynmmposka 3ampocoB Ha 3amuch. Crucrema nmeer 1yJ1 0y(depoB OTJIOXKEHHOU 3aliCH, KOTOPBIA U
Ha3bIBAETCs JTUCKOBBIM Kd3IieM. [Ipu mocrymieHun 3ampoca Ha 3aliChb, CUCTEMa Bblae/ser Oydep u3
9TOrO IIyJia W CTaBUT €ro B odYepeab K jpaiiBepy. Eciu 3a Bpems HaxoxjaeHus Oydepa B odepeau
B TO K€ MECTO Ha JIUCKe OyJIeT NpOM3BEJIeHa €Ile OJ[HA 3alliCh, CUCTEMa MOXKET JIOIHUCATH JAHHbBIE
B mMeroIuiicss 6ydep BMECTO YCTAHOBKM B OUY€pEIb BTOPOIO 3alpoCa. IJTO 3HAUUTE]BHO IMOBBIIIAET

CKOPOCTB, €CJIU 3aIlUCh ITPOUCXOIUT MAaCCUBAMU, HE KPATHBIMU pa3Mepy (Gu3ndeckoro 0/10Ka Ha JIUCKE.

4. CobcrBenHo KammpoBanue. [lociie Toro Kax jpaiiBep BBIIOJHII 3a1IPOC, Oydep He cpasy HCIOIb3yeTCst
IIOBTOPHO, HOSTOI\Iy KaKOe-TO BpeMs OH COJACP2KUT KOIINIO 3allMCaHHbIX NJIN IIPOYNTaHHbIX JTaHHBIX. ECJ'H/I
3a 9TO BpeMsl Ipou30iigeT obpallleHne Ha YTeHHe COOTBETCTBYIONIEH O0JIACTH JIMCKA, CHCTEMA MOXKET

OTIATh cofepkuMoe Oydepa BMecTO PU3UIECKOTO ITEHUS.

5. Omnepexkaroriee cunrbiBanue. [Ipu mocienoBareIbHOM OOpallleHUH K JAHHBIM YTEHHE U3 KaKoro-Imbo
0JI0Ka 3HAYUTEBHO TOBBIMIAET BEPOSITHOCTH TOTO, UTO CJeayonmit 60K TakKe Oyjger cauraH. Teo-
peTHYecKr ollepeXkarolliee UTeHHe JOJKHO UMETh TOT Ke 3(MdeKT, UTO U OTJIOYKEHHAas 3alliCh, T.€.
obecrreanBaTh 00JI€€ PABHOMEDPHYIO 3arpy3Ky JMCKOBOIO KaHaja W ero paboTy IMapaJuiebHO C IIeH-
TpaJIbHBIM TIporeccopoM. Ha mpakTuke, 0JHAKO, IaCTO OKA3BIBACTCS, IYTO CIUNTAHHBIN C OIEPEeKEHUEM
OJI0K OKA3bIBAETCST HUKOMY He HYZKeH, 1T03TOMY 3(h(HEKTHBHOCTH TAKOTO UTEHHUS 3aMETHO HUXKE, IeM Y

OTJIO?KEHHOM 3aIliCH.

6. CopTupoBKa 3aIlpocoB IO HOMepy OjioKa Ha mucke. Ilo miee, Takass COPTHPOBKA JOJIXKHA ITPUBOIUTH

K YMEHBIIICHNIO BPEMEHH TIO3UIMOHNPOBAHNS TOJIOBOK UTeHus/3ammcu. Kpome Toro, eciam odepe/inb 3a-

=
°9Tu noHATHUS MOAPOOGHEe 0OCYKIAIOTCA B IJI. 8.
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IIPOCOB OyIeT OTCOPTUPOBAaHA, 3TO 00JIErYuT paboTy aJIrOPUTMAM KIIIUPOBAHUA, KOTOPBIE TPOU3BOIAT
rouck 6ydepos 1o HoMepy 6Jsi0ka. Bo BeakoM citydae Bpeia OT COPTUPOBKH HET, & MOJIb3a TEOPETUIECKU

BO3MOXKHa, IIO3TOMY MHOI'€ CUCTEMbI BBIIIOJIHAIOT TaKYIO0 COPTHUPOBKY.

B pa6ore [25] n1oapo6HO OLHCHIBAIOTCS PA3JIMYHbIE TIOXO/bI K COPTUPOBKE 3alIPOCOB. ABTODBI HE HMe-
0T JAHHBIX, KOTOPBIE MMOJTBEPKIAJIN OBl IIOBBIIIEHNE TPOU3BOAUTEILHOCTH 338 CUET COPTUPOBKHU HA

COBPEMEHHBIX JNCKOBBIX yCTpOfICTBaX.

KSIHI/IpOBaHI/Ie SHAYUTE/JIbHO IMOBBINIACT IIPOU3BOAUTE/ILHOCTD ,ZLI/ICKOBOfI IIOACUCTEMDBI, HO CO3a€T DAL

Hp06ﬂel\l, npuaeM HEKOTOPBbIEC U3 HUX JTOBOJIBHO HEIIPpUATHOI'O CBOIiCcTBA.

[TepBas u3 nmpobsiem — Ta 2Ke, ITO U y OTJIOXKEHHOH 3anucu Boodie. [Ipu ucmnoip30Bannu 0TI0KEHHOT
3alliCH [IpOrpaMMa He 3HAET, YCIIEITHO JIU 3aBepIuiach pusndeckas 3anuck. OIHAKO MHOIHE COBPEMEHHBIE
aiisioBble cucTeMbl nojIEpKUBAIOT TaK HasbiBaeMblil hotfixing (ropsiayro moumHKy) — MexanusMm, obec-
MEYUBAIOITUN TUHAMAYIECKYIO 3aMEHY <IIJIOXUX» JIOTHIECKUX OJIOKOB HA «XOPOIIHWE», ITO B 3HATUTE/IHLHOI

Mepe KOMIEHCUPYET 3Ty IIPODJIEMY.

Bropas npobiiema ropasno cepbe3Hee W TOXKe CBONCTBEHHA BCEM MEXaHM3MaM OTJIOXKEHHOMN 3alliCH:
€CJIi B IPOMEXKYTKE MEXKJY 3alpOoCOM M (PpU3MIECKON 3alMChbio IPOM30iaeT cOOil BCeil cucTeMbl, TO JIaH-
Hble OynyT norepsabl. Hanpumep, 1mo/ib30BaTe/ b COXPAHIET OTPEIaKTHPOBAHHLIA (ailyl 1, He H0XKIaBIINCH
OKOHYaHUs (DUBMYIECKON 3allMCH, BBIK/IIOYAET MUTAHHE — COJIEP:KUMOe hailia OKas3bIBAETCA IOTEPSHO HJIN
nospexjeHo. Jpyras curyanust, 10 6osm 3Hakomasi BceM mosib3oBareism DOS/Windows 3.x/Windows 95:
[I0JIb30BaTe/b COXpaHgaeT (paiijl, 1 B 9TO BPEMs CHUCTEMa 3aBHCAET — PE3YJIbTaT TOT Ke. AHaJOrMYHOrO pe-

3yJbTaTa MOXKHO JIOCTUYb, HE BOBPEMS JOCTAB JUCKETY WJIN JAPYrOil yajasdeMblii HOCUTEb U3 JTUCKOBOJIA.

Ouenb 3a6aBHO HADJIIOJIATH KaK IMOJIb30BATENb, XOTs ObI pa3 MMEBIINI HETPUATHBIN OIBIT ODIIEHUST C JIUCKOBBIM
Kamrem SMARTDRV, KomupyeT JaHHbIE C Iy?KOr0 KOMIbIOTepa Ha Jauckery. Ilepem TeM, Kak W3BJI€Yb €€ U3 JUCKOBOIA,
OH OIJISIZIBIBAETCS HA XO3SMHA MAIIMHBI U C OMACKOW cripamuBaer: «¥Y Tebs TaM HUKAKUX Karied uHer?». ABropam

JOBOIHUJIOCH Ha6IIIO,I];a,Tb TaKOe€ IIOBEJICHUE Y HECKOJIbKUX JICCATKOB J'IIO,ZLGfI.

Eciin oTkiiajpiBaeTcst 3alMCh HE TOJIBKO II0JIb30BATENIBCKUX JIAHHBIX, HO U MOJAUMUINPOBAHHBIX
CTPYKTYp bailjIoBOil CUCTEMBI, CUTYaIUs eIlle Xy»Ke: CUCTEMHBIN COOHl MOXKET IPUBECTH HE TOJIBKO K IIO-
Tepe JAHHBIX, HAXOJMBIIUXCS B KJIIle, HO U K pa3pylIeHUIO (DailIoBOil CUCTEMBI, T.e., B XYIIEeM ClIydae K

ImoTepe BCeX JJaHHBbIX Ha JUCKEe.

Metonpr obecriedenust 1e/;IOCTHOCTH JAHHBIX IIPH CHCTEMHOM cboe moapobuee obcyxkaaiorcs B 1. 8.4. Haxo-
JIMBIIAECST B K3IIE JaHHbIe IIPH (paTajabHOM cboe rHOHYT BCerja, HO CYIeCTBYIOT CIOCOOBI n30eXKaTh MOBpe-

2KJIeHUusl CHCTeMHbBIX CTPYKTYD JaHHbIX Ha /IHUCKe 6e3 0TKa3a OT HCIIOJIb30BaHUs OTIOXKEHHOI 3alIiCH.

TpeTbH Hp06neMa, CBdA3aHHadA C JUCKOBBLIM K3IIIEM — 9TO BBbIJCJICHHEC ITaMATH IIOJ HETO. YMeHbIenue
K3IIIa MPUBOAUT K CHU?KEHUIO IIPOU3BOAUTE/IBHOCTHU ,HHCKOBOfI IIOACUCTEMDBI, YBEJIMICHUE 2K€ KIIIIa OTHUMAECT

IaMATh Yy IMOJIB30BATEJILCKUX IIPOrpaMM. B cucremax ¢ BI/IpTya.HbHOﬁ IMaMATBHIO 9TO MOZKET IIPUBECTU K YBEJIN-
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YCHUIO ,ZLHCKOBOﬁ AKTHUBHOCTH 3a CYUET yBEJIMICHUA o0beMa, IIOAKAYIKHM, 9YTO BEeAET K CHU>KEHHNIO KaK ,ILI/ICKOBOP'I,
TaK 1 O6IH€I>1 IIPOU3BOJAUTEILHOCTU CUCTEMDI. Hepez; AIMUHUCTPATOPOM CHUCTEMbI BCTaCT HETPUBUAJIbHAA 3a-

Java: HalTH TOYKY OIITHUMYyMa. ITosio2kenme 310 TOYKM 3aBUCUAT OT:

e oObeMa (hU3MIECKON TTaMsITH;

® CKOPOCTHU KaHaJia obMeHa ¢ JAUCKOM, a TaK>Ke OT TOro, pa60TaeT 9TOT KaHaJl C HCIIOJIb30BaHHUEM IEH-

TpaJbHOrO Tporeccopa, kKak |IDE-kouTpostepsr y IBM PC unu ke mo TT/1IT;
® CKOPOCTH TIEHTPAJIBLHOTO MPOIECCOPa;
® CyMMBI pabounx HADOPOB MPOTPAMM, UCIIOTHSATONUXCS B CUCTEME;

® UHTEHCUBHOCTH UM XapakTepa OOpaIleHuil K JTUCKY.

[Ipu 3TOM 3aBUCHUMOCTH KOJUYIECTBA CTPAHUIHBIX OTKA30B OT 00beMa HMaMsITH, JOCTYITHON IPUI0XKe-
HUSM, UMEET CYIIEeCTBEHHO HEJIMHEHHBIH BUJ. DTO 2Ke YTBEPIKJICHHE CIIPABEIIUBO JJIsl CBA3M MEXKIY pasMe-
POM JIMCKOBOTO K3IIIa M COOTBETCTBYIOIIEH SKOHOMUEH oOpaIeHnii K Jucky. Takum obpa3om, 3a1a4a moadopa
OIITHMAJILHOI'O Pas3Mepa KIIIIa, ABJIsIeTCs 3aa4deil HeJinHeiHoi onruMusanun. CaMbIM HEIIPUSITHBIM sIBJISIETCSI
TO, 9TO KJIOUYEBON MCXOHBIN mapaMeTp — rapakxmep OOPaINeHnit K IUCKY — ABJIAETCS He KOJIMIEeCTBEHHBIM, a
KavYeCTBEHHBIM; TOUHee CKa3aTh, €r0 MOXKHO H3MEPHUTH JIUIIb IIPHU IMOMOIIM OYeHb OOJIBIIOrO YHC/Ia He3aBH-

CUMBIX KOJIMYECTBEHHBIX ITapaMeTpPOB.

Bo mMHOrmx cutyanusax HEBO3MOYXKHO TEOPETUIECKH OIEHUTD OJIOXKEHIE ONTUMAIBHON TOYKH, U eJINH-
CTBEHHBIM CIIOCOOOM OKAa3bIBAETCsI IKCIIEPUMEHT: ITPOTOH TUIUYHON JIJIs JIAHHOW MAIUHBI CMeCH 3aJaHuil
[PU Pa3JIMIHBIX 00beMax Katra. [Ipu 37oM HYKHO UMETb BO3MOXKHOCTH Pa3/INiaTh JIMCKOBYIO0 AKTHBHOCTD,
CBABAHHYIO C obpaleHusaMu K daiiaam u co crpaHudHbiM 0OMeHoM. BosbimacTBO coBpemerubix OC mpeo-
CTABJISIOT JIJIsI 9TON NEJN PA3JIMIHIbIE MHCTPYMEHTBI CHCTEMHOIO MOHUTOPUHTA. Jalle, 0JHAKO, 00beM K3IIa
BBICTABJISIETCS Ha IJ1a3, & K JOMOJTHUTEIbHON HACTPOIKe TPUOEraloT TOJBKO €CJIU MTPOU3BOIUTEIBHOCTD OKa-

3bIBACTCS CJIMIIIKOM HHU3KOA.

Bosnukaer BIIoJIHE eCTeCTBEHHOE YKeJIaHNEe BO3JIOXKUTH II0I00P pa3Mepa KIIa Ha CaMy CHCTEMY, T.€.
MEHATDH Pas3Mep KIIIa JTHAMUIIECKN B 3aBUCUMOCTH OT pabodeil Harpysku. Kpome ymporenns paboThl aMu-
HUCTPATOPA, TAKOE PEIeHNe UMeeT €Ile OJTHO OOJIBINOE TTPEUMYIIECTBO: CUCTEMA HATNHAECT «aBTOMATMTIECKI»

IIOJICTPanBaTbhbCA IO U3MEHEHNA HAI'PDY3KH.

Ho naneko ne Bce Tak npocto. Eciin 00beM aMsSTH B CUCTEME ITPEBOCXOIUT OTPEOHOCTH MPUKJIATHBIX
IIpOrpamMM, TO JUHAMUYIECKUN JTUCKOBBLIA K3 MOXKeT (DOPMUPOBATHCA MO OUYEHb IMPOCTOMY «OCTATOTHOMY »
MIPUHIAITY — BCE, U9TO HE HMPUTOAUIOCH IIPUJIOXKEHUIM, OTHaeTCst o K3l OIHAKO olepaTuBHAST TAMATh [0
CUX TIOP OTHOCUTEJIBHO JOPOTd U IPeACcTaBjsieT coboil AepUIUTHBIN pecypc, MO3ITOMY HAMOOBIINN TPAKTU-
YECKUY MHTEpEC MPeJICTaBIdAeT CUTyalldsl, KOrAa IIaMATH He XBaTaeT JaykKe NIPUJIOXKCHUAAM, He IOBOPA y2Ke O

ka1re. Tem He MeHee K31 OOBIMHO HYKeH.



7.3. Bwi30B ¢yuKnlll JIpAUBEpA 125

Pazymmoit momuTukoit 66118 OBl TOACTPONKA KIITa, B 3aBUCUMOCTHU OT KOJIMYIECTBA CTPAHUIHBIX OTKa-
30B: €CJIM YHUCJIO OTKA30B CTAHOBUTCS CJIUIIKOM OOJIBIIIMM, CHCTEMa, YMEHBIIAET KIIIT; €CJIN K€ IHUCJIO OTKA30B
MaJ0, a UIyT MHTEHCUBHBIE OOpaIlleHusI K JUCKY, CACTEMAa yBeJuduBaeT Kaml. [losrydaercst caMoperympyio-
IasiCsl CUCTEMa C OTPHUIIATEbHOM 00paTHO# cBsa3bio. OIHAKO, €CJIM BAYMATHCSI, TO BIIHO, YTO BMECTO OIHO

HpOI/I3BOJIbHOIL/'I HepeMeHHOﬁ (o61;eMa CTaTHUYIEeCKOI'o KSIHa) MbI BBIHY2KIE€HbI BBECTH KaK MUHUMYM TPH:

® KOJIMYECTBO CTPpaHUYIHBIX OTKa30B, KOTOPOE€ CINTACTCA CJIHUIIKOM 6OJIbIHI/IM;
® KOJIMYECTBO OTKa30B, KOTOPOE€ CHUTAECTCA JOCTATOIHO MaJIbIM;

® BC/JIMYUHY, Ha KOTOPYIO CJIeAYET YBEJIMYIUTDb WUJIM YMEHBIINUTDL KI3MI B 9TUX CJIyYIadaX.

OnruMmasbHble 3HAYCHUA 3TUX IIEPEMEHHBIX 3aBUCAT IMPAKTHUYECCKU OT TeX K€ CaMbIX ITapaMeTpPOB,
9T0 U 00BEM CTATHUIECKOI'O K3Illa, HO HO,ZL60p 3HAYEHUN IKCIIEPpUMEHTAJbHBIM IIYTEM OKa3bIBa€TCdAd 3HaAYIU-
TEJIbHO CJIOZKHEE, ITIOTOMY YTO BMECTO OILHOMepHOfI HeJINHENHON OIITUMU3alTUN MbI BBIHYZK/I€HBI 3aHUMaTbCA

TPEXMEPHON HEJIUHENHOU ONTUMU3AIMENH, YTO HECOM3MEPUMO CJIO0XKHEE.

Kpome Toro, auraresib, 3HAKOMBII ¢ Teopueil ynpaBjeHUs, JOJKEH 3HATH, 9TO HEYAAIHBIH 10I00D
IIapaMeTpoB y CUCTEMBI C OTPUIATEIBHON 0OPATHOI CBSI3bI0 MOYKET IPUBOJUTH K KOJIE0ATETLHOMY ITPOIIECCY
BMecTo camoperyisiuu. B auckyccusx USENET news npuBommiics npuMepbl pa3BUTHST TAKUX KOJIEOAHU
B auHaMudeckoM kare cucreMbl Windows NT npu kKomMmuisiium 60JIbIIOTO MPOEKTa B YCJAOBUAX HEIOCTATKA

ITIaMATH.

Bronre Bo3moxkHO, uro HusKas npoussogutesnbHocTs Windows NT Ha cucremax ¢ «Hebosbmmmy» (8 -
16 M6) kosmaecTBOM HaMATH O0bSCHSIETCS BOBCE HE HU3KUM KAadeCTBOM DeasIM3alii U JIayKe HE CEKPETHBIM
croBopoM Mexkay dpupmoit MicroSoft n mpousBoguTeIIMHU OITEpaATHBHON HAMSITH, & IIPOCTO ILJIOXO COATAHCHU-

POBaHHBIM JUHAMHYICCKUM K3IIIEM.

7.3.7 Coymuur

Tuzabatim mebe 6 cnya.

Hony./mpﬂoe py2amenvbcmeo

Tepymun cmysnuHr (spooling) He uMeer OOIIENPUHITOrO PYCCKOrO aHajora. B COOTBETCTBUU C
[IPOrPaMMMCTCKUAM (DOJILKJIOPOM, CJIOBO 3TO IPOUCXOJUT OT abbpeBuarypbl Simultaneous Peripherial
Operation Off Line. 91y ¢dpady TpygaHO ITOCIOBHO MEPEBECTU HA PYCCKUIl SI3BIK; MMEETCs B BHUJLY Me-
T0J] pabOThI ¢ BHENIHUMHE yCTpOiicTBaMu BbIBOJIA (pexke — BBoJa) B MHOro3a1aunoit OC ujm MHOrOMAaIMHHO
cpelie, IpU KOTOPO# 3aJatdaM CO3JAeTCd WLIIO3Us OMHOBPEMEHHOI'O JOCTyna K ycrpoiictBy. 1lpu sTom, of-
HAKO, 3aJla4¥ He IOJIyYaloT K yCTPOMCTBY HPSIMOro JIocTyla, a paboraior B pexkuMme off-line (6e3 npsimoro
HOJIKJTIOYEHNsT). BbIBOIUMbBIE JIaHHBIE HAKAILIMBAIOTCS CUCTEMOMN, a 3aTeM BbIBOJSITCS HA YCTPOWCTBO TaK,

9ITOOBI BBIBO/I PA3JIMYIHBIX 3a/aY HEe CMEIInuBaJICd.
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Busano, 9To 3T0oT MeTOM pabOThl OTYACTH HAIIOMUHAET IPOCTYIO OTJIOXKEHHYIO 3aIMCh, HO OCHOBHAs
3a/la4a 3/1eCh He TOJIbKO U He CTOJIbKO IIOBBIIIIEHUE IPOU3BOAUTEIbHOCTH, CKOJIBKO pa3/iesIeHue JIOCTyla K MeJl-
JIEHHOMY BHEIITHEMY yCTPOUCTBY. Hallle BCEro CIIyJIMHT UCIOJIB3YETCs i PabOThI ¢ HeYaTAONUMEI YCTPOii-

CTBaMH, a IJjId IPOMEXKYTOIHOI'O XpaHEHUA JaHHBIX HCIIOJIbB3YEeTCA AUCK.

MHorue mouTOBBIE CUCTEMBI UCIOJIL3YIOT MEXaHU3M, AHAJOTUIHBIN CIYJUHTY: €CJIU HOJIydaTe/b He
TOTOB NPUHSTH MUCHMO WJIM JIUHUS CBS3U C IOJIyYIaTe/IeM 3aHATa JTub0 BoobIe pa3opBaHa, IpeIHa3HATEHHOe
K OTIPaBKe MUCHMO MTOMEINAETCs B 09epe/ib. 3aTeM, KOTJa COeIMHeHne OyJIeT YCTAHOBJIEHO, MMICHMO OTIIPAB-

JIdeTCd.

Knaccuaecknit ciymuar peasmzoBan B OC cemeiictBa Unix. B stux OC BbIBOJ 3a/jaHus Ha MEYaTh
OCYIIECTBJISIETCS KOMAHI0H 1pr. DTa KOMaHa KOIUPYET IIpe/IHA3HAYCHHbBIE [IJIsi I€YATH JAHHBIE B KATAJIOT
/usr/spool/lp, BOBMOXKHO, MPOIyCKas UX IPU 3TOM 4depe3 mporpamMmy-puibrp. Kaxkaast mopius JaHHBIX
IIOMEIAaeTCs B OTAe/bHbIN daitia. ViMena (aitjioB reHepUpyOTCS TaK, 9TO UMS KarXKJI0N0 BHOBb CO3IIAHHOTO

draiia 66110 «Gosbinies npebayero mpu cpasuerun ASClI-konoB. 3a cueT sT0T0 aiiibl 06pasyoT oYepeb.

Cucremubiii nponecc-gemon (daemon) 1pd (mwiu lpshed B Unix SVR4) nepuoguuecku npocMarpu-
BaeT Karasior. Ecium TaM 9To-TO MOSIBUJIOCH, & IeYaTaollee yCTPOHCTBO CBODOIHO, JEMOH KOIMMPYET IOSIBUB-
muiicst paitn ma ycrpoiicrso. [lo OKOHYAHWM KOMUPOBAHUSI OH yAaJsdeT (hailj, TeM WM WHBIM CIIOCOOOM
YBEIOMJISIET MOJIH30BaTe st 00 OKOHYaHUN onepanuu (B cucreMax cemeiicTBa Unix garme BCEro MCIOIb3yeTCs
9JIEKTPOHHASI IOYTA) ¥ BHOBb IIPOCMATPUBAET KATAJIOT. KC/II TaM Mo-peskKHeMy 9TO-TO €CTh, IEMOH BBIOUpAET

IIEPBLIl 110 HOPAAKY 3alIPOC U TaKrKe KOIIMPYeT ero Ha YCTPOICTBO.

Tot ke MeXaHU3M HCIOJIB3YeTCd MOYTOBOM cuctemoit Unix — mporpaMmoii sendmail, TOJIBKO BMECTO

KaraJjora /usr/spool/lp ucnosnb3yercsa /usr/spool/mail.

ODTOT MeXaHU3M OYEHBb IPOCT, HO UMeeT OJIuH crienndUIecKnil HeJJOCTATOK: JEMOH HE MOYKET HEIO-
CPEeJICTBEHHO OXKUJIATDH MOAB/ICHUA (PaMJIOB B KATAJIOIe, KAK MOYKHO OBLIO ObI OKHMIATH YCTAHOBKH ceMadopa
nan Japyroro duiara cuaxporusanun. Ecan ObI 1eMOH HEMPEpPBIBHO CKAHUPOBAJ KATAJIOT, 3TO CO3/aBAJIO OB
CJTUIIIKOM GOJIBIYIO U OECIoIe3HyI0 HAMPY3KY Ha cucTemy. 11o3ToMy neMoH mpobyKaaeTcs depes (hUKCHpO-
BaHHBbIE MHTEPBAJIbI BPEMEHU; €CJIM 32 9TO BPEMsl HUYEr0 B OU€PEU He MOSBUJIOCH, JEMOH 3aChIIAeT BHOBD.
Takoit 1moIX0/, TaKXKe OYEHDb MPOCT, HO YBEJUUUBAET BPEMs ITPOXOXKJICHUS 3aIlPOCOB: 3alIPpOC HAYUHAET UC-

IIOJIHATBHCA HE CPpa3y 2Ke IIoCJ/Ie YCTaHOBKH, a JIMIIb II0CJIe TOro, KakK J1€MOH B OqepeﬂHoﬁ pa3 IIpOCHETCA.

B 0S/2 u Windows NT ciysiuar opranu3oBas oT4acTu IOX0KUM 06Pa30M ¢ TON pasHHIIEi, 4To ycTa-
HOBK& 3aIIpOCa B O4Y€pe/Ib MOXKET IITPOUCXOINTH HE TOJIBLKO KOMaHA0W PRINT, HO M IIPOCTBIM KOIIMPOBAHUEM
JAHHBIX HA 1IceBaoycTpoitcTBo LPT[1-9]. B ottmune ot cucrem cemeticrsa Unix kak mporpamma PRINT, Tak u
TICEBJ0YCTPONCTBA MOPTOB aKTUBU3UPYIOT MIPOIECC CITyJIepa HEITOCPEICTBEHHO IIPU YCTaHOBKe 3ampoca. ['pa-
duyeckne apaiiBepbl MEYATAIONINX YCTPOUCTB B 9TUX CHUCTEMAX TaKKe WCIOJIbL3YIOT CIIYJI BMECTO IIPSMOTO

obparrenus K (U3NIECKOMY TOPTY.

Novell Netware npegocrasiser crenuaabHbIA MEXaHU3M 1 OPTaHI3al[ii CIIYJIMHTa — OUePEIN 3aIIPO-

COB. rZLJIH XpaHEHUd JaHHBIX B 9TUX OYePE/IAX TaK2Ke UCIIOJIb3YeTCdA JUCK, HO ITPUKJIaJHbIC ITPOIrPaMMbl BMECTO
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MTPOCMOTPA KATAJIOTA MOTYT TIOJTB30BATHCSI CUCTeMHBIME (hyHKIsiMu GetNextMessage u PutMessage. Brizos
GetNextMessage GJIOKUDYETCs, €CJIN OYepPe/ib IIyCTa; TAKIM 00pa3oM, HET HEOOXOIUMOCTH OXKUIATH TPOOY K-
JIEHUsI IEMOHA WU CIEeNNAJIbHBIM 00pa30M aKTHBU3UPOBATH €0 — JEMOH caM MPOOYIKIAeTCs TIPU TTOsTBJICHUN
zamnpoca. JIobonbiTHO, YTo ToYTOBas cucrema Mercury Mail nst Novell Netware moxker ucnosib3oBaThb Jijist
MIPOMEKYTOTHOTO XPAHEHUS MOYTHI KAK 0YepeIb 3alIPOCOB, TAK W BBIIEJEHHBIH KATaaor B 3aBUCUMOCTH OT

KOH(pUTyparmn.



I'maBa 8

D aitjioBBHIE CUCTEMBI

O/ 1HUM W3 MEPBBIX BHENTHUX YCTPONCTE IOC/IE KJIABUATYPBI U TEJIEBU30Pa, KOTOPBIE TEPEIUCISTIOTCS B JIIOOOM
PYKOBOJICTBE TIO ITEPCOHAIBHBIM KOMITLIOTEPAM /I HAMUHAIONINX, sIBJSETCS MarHUTHBIN 1ucK. Boobire roso-
P, BMECTO MAarHATHOI'O YICKA B HAIlle BPEMs MOXKET UCIIOJIb30BaThC U KaKad-TO ApyTras dHePproHe3aBuCuMast

naMsTh, HanpuMep, EEPROM unu daiioBsrii cepBep, HO HAJUYINE TAKON [TAMSITH sIBJISIETCST OUeHb BasKHDBIM.

Benp BbI ke He Oyere HabUpaTh Ballly IIPOrpaMMy KaXKJblil pa3 IIPU HOBOM BKJIFOYEHUN KOMIILIOTEpA.
[Ipapna, ma PDP-11 takoe ermie 66110 Bo3MoXKHBIM; B HI'Y mazke XomsT JiereHapl 0 JIIOJIsIX, KOTOPhble HaOUPaJIl
C KOHCOJIA B IIyJIGTOBOM PEXKHM€ TETPHC, ¥ UI'PAJIU B HEro, IIOKa ceTeBOil (bailyIoBBIi cepBep Buced. A eciu
mporpamMmma — 370 naker tuna CorelDraw!, MCXOJIHBIH TEKCT KOTOPOTO 3aHUMAET JECATKU ThICAY CTPOK, a

OMHAPHBII 3arpy309HBII MOILYJIb — IIOJITOpa Merabaiira?

[TonaTno Takzke, 9TO HEJOCTATOYHO UMETH BO3MOXKHOCTH IIPOCTO 3AIOMHUTDH IIPOI'DAMMY U JIAHHDIE.
Besib B MO2KETE paboTaTh C HECKOJIBKUMU [IPOTPAMMAMU, UJIN HAJL HECKOJLKIMU ITPOEKTAMH OJ[HOBPEMEHHO.
fcno, uro 3anuchHBaTH Ha OyMaskKKe, B KAKOEe MECTO Balllell 9HEProHe3aBUCUMOiT TaMSATU BbI 9TO-TO COXPAHNIIN,
1o MeHbIeil Mepe Hey/00HO. [losToMy ecTecTBEHHO »KeJlaHUE CO3/aTh CHEIUAJTU3NPOBAHHYIO IIPOrPAMMY,
KOTOpast OYJIeT KaK-TO CTPYKTYPUPOBATH COXPAHEHHBIE JIAHHBIE.

Nnmenno 5Ty pabory 1Mo CTPYKTYPUPOBAHUIO MOJIB30BATEILCKUX JAHHBIX Oeper Ha cebst Mmomyinb OC,
Ha3bIBaeMblii pailsToBbIM MeHemkepoMm. [Tnuckosslie onepannontsbie cucremsbl (JIOC) cocTosT 1o cyrn ToJib-
KO u3 (PailJ;ToBOro MeHe Kepa U 3arpy3unka OMHAPHBIX MOJIYJIeil.

[Tousarue daitsa BBOIUTCA B cAMOM HavaJIe JII0OOro Kypca KOMITBIOTEPHOT'O JTUKOe3a, HO MAJIO B KAKOM
Kypce JIaeTcst BHATHOE onpejiesienue 3roro nonsitus. Ciaoso daiii (file) 1ocsioBHO IepeBouTCst ¢ aHIIHIICKOTO
KaK IalKa WK HOJIITUBKA, HO TAKOW IepeBojl MouTu He jiobasiisier sscHoctu. OTHO U3 HAMJIYUIIHX OIIpe/Iesie-

HPIfI, MN3BECTHBIX aBTOpaM, 3BYYUT TakK:
@aiia — 3To0 COBOKYITHOCTDb JaHHbIX, JOCTYII K KOTOpOﬁ OCyHIieCTBJIdAeTCd II0 ee MMEHMU.

(Daﬁﬂ, TaKHIM o6pa30M, IIPOTUBOIIOCTABJIAECTCA JIPYTI'UM O6’beKTaM, JOCTYII K KOTOPBIM OCYIIECTBJIACTCHA

10 UX aJIpecy, HAIIPUMED, 3alucsaM BHYTpH daitjia nin 6JioKaM Ha JTUCKE.

128
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OC cemeiictBa Unix TpakTyioT roHsiTre (haiina 6osee mmupoko — tam ¢paittloM Ha3bIBAETCs JI000H 00b-
eKT, UMeIonuit uMsi B ¢aiiyiooit cucreme. Oanako ailibl, He ABIAIONINECST COBOKYITHOCTIMN JTAHHBIX (Ka—
TAJIOrH, BHEIIHUE YCTPOWCTBA, IICEBJI0YCTPONCTBA, NMEHOBAHHBIE TPOrPAMMHbBIE KaHAJbI, ceMadopbl Xenix),

qJaCTO HA3BIBAIOT HE IIPOCTBIMUA (baﬁHaMH, a «CIIeIaJIbHBIMMI ».

[ToHsITHO, YTO MATHUTHBIH JINCK WK JIPYTOe YCTPOHCTBO naMsT (KpoMme, ToxKasyii, daiisoBoro cep-
Bepa) dallle BCero OpraHm3yeT JIOCTYI K JIAHHBIM He II0 UX MMEHaM, a BCe-TaKH 10 ajpecaM, HalpUMeD, 110
HOMEDPY CEKTOPAa, JOPOXKKHU U MOBEPXHOCTH JAucKa. [osToMy, eciu cucrema XO4UeT MpeJoCTaBIATh JOCTYII 110
MIMEeHaM, OHa JIOJZKHA XPaHUTh TabJInIly Ipeobpa30BaHus UMEH B ajpeca — qupekTopuio (directory), wim,

KaK Yalle T'OBOPLAT IIO-PYCCKU, KaTaJIOT'.

B karasiore xpanurtcst ums aitia u gapyrast uadopmarus o daiiie, Takasi, Kak €ro pa3Mep U MeCTOI0-
JIo2KeHne Ha jucke. Kak mpaBmio, XpaHsiT TaKyKe JaTy co3/anus aiiia, JaTy ero mocjae el MoIunduKaIim,
a B MHOTOIIOJIb30BATEIbCKUX CUCTEMAX — MJIEHTH(MUKATOD XO3sinHA 3TOro (ailjia u mpaBa JOCTyIa K HEMY
JIsT IPYTHUX ToJib30oBaTe eil. Bo MHOrumx ¢ailjioBeix cucreMax 3ta mH(pOpMAaIins XPAaHUTCS HE B CAMOM KaTa-
JIoTe, & B CHEIUAJIbHON CTPYKType IaHHBIX — MHOJIe, MeTadaiije u T.7. B aToMm ciydae 3anuchk B KaTaJjore

COJIEP2KUT TOJIBKO UMsI M yKa3aTejlb Ha YIIPABJISONYI0 CTPYKTYPY daitia.

Bosbmmacrso COBPEMEHHBIX OIlepallMOHHbIX CHCTEM IIO3BOJIACT JeJiaTh BJIO?KCHHbIC KaTaJIOTH — Cb&l‘/’I-
JIBI, KOTOPBIE CaMU ABJIAIOTCA KaTaJIoraMM. B Takux cucremax (b&fUI 3a1aeTCd IIOJIHBIM MJIN l'[yTeBI::IM nMeHeM

(path name), cocrosimum U3 IEMOYKN UMEH BJIOYKEHHBIX KATAJIOTOB M MMEHH (ailia B mOcIe el 13 HuX.

COBOKYITHOCTh KATAJIOIOB, & TaKXKe CUCTEMHBIX CTPYKTYD JaHHBIX, OTCJEYKUBAIOIINX pa3MeIleHne
aitios Ha jucKe U cBOGOIHOE JUCKOBOE IPOCTPAHCTBO, Has3biBaeTcst daitioBoit cucremoit (PC). Nuorma
Ha JINCKE PA3MEIaeTcs TOJIbKO onna daitnosast cucreMa. CoBpemenubie OC 4acTO MO3BOISIOT PA3MEIATh Ha
omHOM (PU3BMIECKOM JUCKE HECKOIBKO (DailJIOBBIX CHCTEM, BBIAC/ISS KayKIOH N3 HUX (DUKCUPOBAHHYIO YaCTh

qucka. Takue yacTu JucKa HasblBaloTCs pasaesiamu (partition) win cpesamu (slice).

8.1 @aiijibl ¢ TOYKU 3PEHUs MOJIb30BaTEJIsd

8.1.1 ®Popmat umeH ¢aiijioB

B Pa3JIMIHbIX CDC JOIIYCTUMOE UMA (bal‘/’ma MOZKET UMETH PA3JIMNYIHYIO JIJIMHY, 1 B HEM MOTYT UCIOJ/Ib30BaTbhCA
pasiauduHbie HAOOpbl cuMBOJIOB. Tak, B RT-11 u RSX-11 umena ¢ailjioB COCTOAT U3 CUMBOJIOB KOJIUPOBKH
RADIX-50 u umeror mauny 9 cuMBOJIOB: 6 CHMBOJIOB — COOCTBEHHO UM, a 3 — pacmupenue. [Ipu sToM nms
umeeT Bu "XXXXXX.XXX", HO cUMBOJI ’.’ He SBJIIETCI YacCTbIO UMEHU — 3TO IPOCTO 3HAK IPENUHAHUSI.
[Ipeamonaraercs, 9T0 pacIIHpeHne I0JXKHO COOTBETCTBOBATL THUITY JAHHBIX, XpaHAMuxcsad B daiize: .SAV
Oymer mMeHeM abCOJIIOTHOTO 3arpyzkaeMoro Momayss, .FOR — mporpammbr Ha Poprpane, .CRH — «daitaom
nHMOPMAIHE O CHCTEMHOM KpaxXe KaK OBbLIO HAIMCAHO B OJHOM IEPEBOJIe PYKOBOJACTBA (IIOMPOCTY TOBODS,

510 mocMmepTHas Bblgada OC, Mo KOTOPOit MOYKHO TONBITATHCS HOHATH IIPUYNHY aBapHN).
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B CP/M u ee moromkax MS DOS-DR DOS, a rakxke B VMS umena daiinoB xpansrcs B 8-6uTHOI
ASCII-komupoBKe, HO TIOUEMY-TO Pa3peIeHo UCIOIbL30BaAHIE TOJILKO OYKB BEPXHETO PETUCTPA, QP U HEKO-
TOPBIX TeYaTaeMbIX cuMBOJIOB. Ilpu srom B cucremax jmunu CP/M ums daiiia umeer 8 cumBosioB + 3
cuMBoJTa paciupenns, a B VMS kak nMsi, Tak U paciimperne MOTYT CoJiep:kaTh Dojiee 32 CHMBOJIOB.

JTio6onbrrao, yro MS/DR DOS npu noncke B Karajaore nepeBojisiT B BEPXHUI PErUCTP UM, 33JaHHOE [OJIb-
30BaTeIeM, HO OCTABJISIOT KaK €CTh UMsl, CIMTaHHOEe U3 Karajora. CTporo roBopsi, 3T0O OMIHOKA: €CJIn MBI CO3/AINM
nMs daitsta, copepKariee 6YKBbI HI?KHETO PETUCTPa, TO HU OJTHA ITPOrpaMMa He CMOXKET OTKPBITh WX TIePENMEHOBATH
Takoil paii.

OpiHOMY U3 aBTOPOB JIOBEJIOCH CTOJKHYTBCS C TAKOW MPOOJIEMOI IIPH MONBITKE IPOYUTATD JUCKETY, 3aIiCAH-
uyio OC TC (Qxcnepumenranmbuas UNIXonomobuags OC mia Mackans-mamuasr N9000). TIpobieMy yaaaoch peimuTh
TOJILKO IIPH TIOMOIIY MIECTHAIATUPUIHOIO IUCKOBOIO PEAKTOPA IPSAMBIM PEIAKTUPOBAHNEM MMEH B KaTajorax. Bos-
MO2KHO, CYIIECTBYET U 0oJiee 3JIeraHTHOE PeIleHre, HO aBTOpaM He y/aJjoch ero Haiitu. Vcrosnb30BaTh KOHCTPYKITHIO
* % DEeCII0JIe3HO, TIOTOMY YTO, B JNEHCTBUTEIBLHOCTH, OHepaIuy HaJ dailjaMn, 33JJaHHBIMI TaKHIM 00Pa30M, COCTOSIT
u3 aByx onepanuii: FindFirst/FindNext, Bosspamaromeil [ciemyiomee| umsa daitia, coorBeTcTByIonee MmabJIoHy, U
Open. FindFirst/FindNext Bo3Bpamaer HeomycTuMoe nMs daiina u Open He MOXKET UCIIOIH30BaTh ero. IIporpamma
CHKDSK He Bo3pazkaeT IPOTUB UMeH (pailjioB B HKHeM peructpe. CTporo ropopsi, 3To Toxke omubka. Bece ocrajibHbie

criocolbbl Tak WM uHave cBojsaTcs K npsmoit (B obxox JOC) momudukanuun OC.

Kpowme Toro, mo60ombITHBIX 3(DHEKTOB MOXKHO JOCTUUD, TOMBITABIINACH CO3AATEH (Daill ¢ UMEHEM, COIEPKAIIITM

pycckme OYKBBHI.

Haubosbmum mmbepasinamom B cMmbiciie umer orymaaiorcss OC cemeiictea Unix, B KOTOPBIX mMs daii-
Jla, MOYKEeT COCTOSATh U3 At00bx cuMmBosioB KonupoBku ASCII, kpome cumBosioB \000° u ’/’, Hampumep, u3
BOCBMH CHUMBOJIOB ItepeBoia kapeTku. IIpu sTom >\000’ siBsteTcsl OrpaHndIuTeIeM UMeHN, a */’ — pasien-
TeJeM MEXK/y UMEeHeM KaTaJjora u umeHeM daitna. Hukakoro pasmaenenus: Ha UMsi 1 PACHIUPEHUE HET, U XOTSI
uMeHa (aitioB ¢ mporpaMMoii Ha si3bike C 3aKaHIMBAOTCSA " . ", a 00bEKTHBIX MOIYyJ/eil — ". 0", ToUKa 3/1eCh
SIBJISIETCST IACTHIO UMEHU. Bbl MoxKeTe co3maTh daitn ¢ mmenem "gec-2.5.8.tar.gz". B UNIX SVR3 mnuna
nMmenu Qajisia orpanndena 14 cumposiamu, a B BSD UNIX, Linux 1 SVR4 — To1bKO Aj1uHOI 6JI0Ka Ha, JUCKE,
T.€. 512 Gaiiramu nym Gostee. [Ipu 3TOM HY/I€BOM CHUMBOJI CIMTAETCSA KOHIIOM MMEHU B KATAJIOTE.

BosmozknocTh mncmosib30BaTh B MMEHAX HeaaBUTHBIE CHMBOJIBI THIA IepeBoja kaperknm miam ASCII EOT

KasKeTCsl OIacHbIM u3suinecrsoM. Ha camom JeJie:

1. D10 He U3IUIIECTBO a, CKOpee, YIIPOIIEHNE — U3 IPOIEIyP, PADOTAIONINX C UMEHAMH, y/IajleHa TPOBEPKa CUMBOJIA,

Ha «JIOIIyCTUMOCTDB».

2. OHO He CTOJIb YK OIACHO: TaKoh (aila Bcerja MOXKHO IIePEerMEHOBATh. B HEKOTOPBIX CIIydasiX IpoIecc Habopa
umenu ailyia B KOMaHHON CTPOKe IIPEeBPANIAeTCs B HeTPUBHAJIbHOE yIpazkHeHue, noroMy 4ro shell (komananbii
[POIECCOP) PACCMATPUBAET MHOTHE HeasibaBUTHBIE CUMBOJIBI KaK KoMaH bl Ho Ha10 OTMETHTB, UTO, TPaBUIBHO
WCIIOJIB3Ysl KABBIYKU W CAMBOJI ’\’, IOJIb30BATEh MOYKET IepelaTh KOMaHJEe apryMEHT, COIEPKAIIU 4100bie

cumBosibl ASCII, kpome \000".

B mocnemnee Bpems cpequ OC cTajio MOJTHBIM IOAJAEPXKUBATEL JIMHHBIE MMeHa daitioB. OrgacTu

9TO, BO3MO2KHO, CBA3aHO C TE€M, YTO IIPOU3BOJIUTEJINA 11O JJId IIEPCOHAJIBHBIX KOMIIBIOTEPOB OCO3HAJIH, 9ITO
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cucreMbl cemeiicTBa Unix sSBJISIOTCS HMOTEHIINAIBHO ONACHBIMU KOHKYPEHTAaMH, & JJIUHHBIE NMeHa (HailjaoB

TPaIUIUOHHO CHUTAIOTCA OJHUM U3 IPEUMYIIECTB 3TOTO ceMelicTBa.

Hanpumep, 0S/2, ncnonbsyromast daitiosyio cucremy HPFS (High Performance File System — BbI-
COKOIIPOM3BOINTEIbHAs (bailioBas cucreMal), mojaep:xuBaeT uMmena ailoB JIMHON 70 256 CHMBOJIOB, CO-
Jep2KaIme nedaTaeMble CUMBOJIBI U Ipobesibl. Touka cumraerca dacThio umenu, kak u B UNIX, u moxnO

CO3/IaBaTh UMEHA, COJIepzKalllie HECKOJIbKO TOYEK.

[Ipu 3TOM HY?KHO OTMETUTH, YTO CUCTEMA IPU MOUCKE (hailjia IPUBOJUT K OJIHOMY PErUCTPY BCE aJ-
daBuTHBIE cCUMBOJIBI B uMeHU. C OJTHOI CTOPOHBI, 9TO O3HAYAET JOMOJHUTEIBHOE YI00CTBO JJIsi T0JIH30BaATEIIs
— 1pu HabOpe UMEHH He HYYKHO 3aD0TUTHCS O PErucTpe OYKB, ¢ JIPYTroil — MOJIb30BATEIb HE MOXKET CO3JATh B
o/tHOM KaTaJiore daityibl "text.txt" u "Text.txt". U3-3a 517010, HAIIpUMED, HEJIb3s UCIIOJIB30BATH IIPUHATOE

B UNIX cornamenue o Tom, uro daiin na sizbike C umeer pacmmpenue ".c", a Ha sizbike C++ — ".C".

[Momnepkka JUIMHHBIX UMeH (daiioB peanusoBana u B Hacieauuke juaun CP/M-MS DOS, onepanu-

onnoii cucreme Windows 95, panee nssecTHoit 1101 Komosbim nMmenem Chicago.

Hekoropsre OC, nanpumep, RSX-11 u VMS, nojiepkuBator Takzke HoMep Bepcun daiiia. B karamore
MOXKET CYIIECTBOBATH HECKOJILKO BepcHii (haitia ¢ OIHUM UMEHEM; €CJIU HOMEDP BEPCUU IIPU OTKPBITHH daiiia

HE 3a/1a€TCsd, TO OTKPbIBACTC IIOCJICIHAA BEPCHUsI.

Bepcunu daitta ovenb ymoOHbI Ipu paspaboTKe JIIOObIX 00BEKTOB, OT MPOTPAMM HJIU HMeYaTHBIX ILIaT
JI0 KHUT: €CJIM BaM He IOHPABUJINCH U3MEHEHWsI, BHECEHHBIE BAMU B ITOCJIEIHIOI0 BEPCUIO, BbI BCErIA MOYKETE

OTKaTUTHCA Ha3aI.

IIo PALy UCTOPUYIECKHUX IMPUYIUH OOJIBLIIIMHCTBO COBPEMEHHBIX OC, K COXKaJICHHIO, HE IIO/JICP2KUBaIOT

TaKyi0 BO3MOXKHOCTB, HO IOJPOOHOE 00CYKJIEHIE STUX HPUIUH yBEJO Obl HAC TAJEKO OT OCHOBHOM TEMHBI.

8.1.2 Omnepamun Hag daitiamMu

BosbmuacTBo coBpeMmenHbix OC paccMmarpuBaroT ¢aili KAk HeCTPYKTYPUPOBAHHYIO IIOCJ/IEI0BATETEHOCTD

GaiiT mepemenHoit JyinHbL. B cranmapre POSIX Has daitsiom onpeiesieHbl eIy oIye Omepalin:

e int open(char * fname, int flags, mode_t mode) Dra omeparus «OTKpbIBaeT» (aiis, ycranasp/iu-
Bas CoeMHEHNE MeXK/ Ty rporpaMmoit u daitsiom. [Ipu sTom nmporpamma nosydaer JecKpuirop daiiia
— TeJI0€ YUCJI0, uieHTuduIupyioiiee ganHoe coenunenne. GakTUIECKU 3TO WHJIEKC B CUCTEMHON Tab-
JIUTIE OTKPBITHIX (DAMJIOB JIjIst JaHHOH 3a1aun. Bee ocTasibHbIE OlEpAIMY UCIIOJIB3YIOT STOT UHJCKC JIJIs

CCBUIKH Ha (aiilr.

[Tapamerp char * fname 3ajiaeT ums daitia. int flags — 310 6GuTOBasT MacKa, ONPEJIEIIAIONIAT PEKITM
oTkpbITus haitna. Pailn MOKeT OBITH OTKPBHIT TOJBKO Ha YTEHHE, TOJbKO Ha 3alliCh W Ha YTEHHE U

3alnCh; KPOMe TOTO, MOXKHO OTKPBIBATH CYIIECTBYIOMIWA (ailjl, a MOXKHO IBITATHCS CO31aTh HOBBI

YHPFS deticmeumenvto mmeer Gostee BHICOKYIO MTPOM3BOANTEIBHOCTD, ueM daiinosas cucrema MS DOS, nasssaemast FAT; B

. 8.3.1 Oyzmer ckazaHo, 33 CYET YEro.
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daitn mymeBoit mummHbI. Heobst3aTembHBIN TpeTuii mapamMerp mode HCIOJIb3YeTCs TOJBKO MIPHU CO3IaHUN

daitia u 3amaeT aTpudyTH 9TOro Qaiiia.

e off_t lseek(int handle, off_t offset, int whence) Dra omepalys HepeMelIaeT yKa3aTreib dre-
Hus /3anucu B daitine. [Tapamerp offset 3a/aeT KoauuecTBo 6aiiT, Ha KOTOPOE HY?KHO CMECTUTH yKa3a-
TeJb, a IapaMeTp whence — OTKyJia OTCUUTHIBATL cMmerreHue. [Ipemnontaraercs, 9To cMelieHne MOXKHO
orcunTHIBATH 0T Hadasa daiina (SEEK_SET), or ero konra (SEEK_END) u OT TeKyIIero moJIoKeHusl yKa-
saresst (SEEK_CUR). Onepaiiusi BO3BpAIAET MOJIOXKEHUEe yKa3aTe isl, OTCUNThIBaeMoe OT Hadasia daiiia.
Taxum obpazom, Bbi30B lseek (handle, 0, SEEK_CUR) BO3BpaTHUT TEKYIIEE IMOJTOXKEHUE yKA3aTe/ I, HE

nepeaBurasd ero.

e int read(int handle, char * where, size_t how_much) Oneparus urenus u3 daiiaa. Ykazareib
where 3amaer Oydep, KyJa HYyKHO [TOMECTUTH IIPOYUTAHHBIE JAHHBIE; TPETHUIl MapaMeTp YKa3bIBaeT,
CKOJIBKO JIAHHBIX HaJI0 cunTarh. Cucrema cauTbhiBaeT Tpedyemoe 4ucio OaiT u3 dailia, HAUUHALA C
yKazaTeJist YTeHHsI/3auc B 9ToM daiijie, U mepeMeniaer yKa3areib K KOHILy CIUTAHHON I10C/Ie/10Ba-
TesibHOCTH. Eciu dailyl KOHIUICs paHbIe, CIUTHIBACTCS CTOJIBKO JIAHHBIX, CKOJIBKO OCTaBaJOCh J0
ero koHIa. Orepariis BO3BpAIaeT KOJUIECTBO CINTAHHBIX OaitT. Ecan daiiyi OTKPBhIBAJICS TOJBKO JIJIst

3alliCH, BbISOB read BO3BpATUT OH_[I/I6Ky

e int write(int handle, char * what, size_t how_much) Oumnepamus 3anucu B daiiia. YKasareib
what 3ajaer Hadajo Oydepa JJaHHBIX; TPETUIl mapaMeTp YKa3bIBAeT, CKOJBKO JIAHHBIX HAJ0 3aIlUCATh.
Cucrema 3anuceiBaer Tpebyemoe 9nciio 6aiit B ail, HaunHas ¢ yKasaTe st YTeHUs /3aicu B 9TOM (haii-
Jie, 3aMeHsIsl XPAHUBIINECS Ha B 9TOM MECTE IAHHBbIE, U IepeMeIaeT yKas3aTeIb K KOHILY 3alliCAHHOI'O
os10ka. Ecin daitsn KoHdIuicst paHblile, ero JjinHa yBeanduBaercs. Onepaliist BO3BPAIaeT KOJIUTIECTBO

3alCAHHBIX OaiiT.

Ecin daitn oTKpoIBaIcsa TOILKO IJIs 9TEHHUs, BLI30B Write BO3BPATUT OLIUOKY.
e int ioctl(int handle, int cmd, ...);

e int fcntl(int handle, int cmd, ...) HomosuuresnpHble oneparuu Hal daitiom. [lepponadanabho,
[TO-BUUMOMY, IIPEJIIOJIArajgoCh, YTO 1octl — 310 omepamnuu HaJl camMuM daitiom, a fentl — 310 onepa-
MU HAJ[ JIECKPUIITOPOM OTKPBITOTO (haiijia, HO MOTOM UCTOPUIECKOE PA3BUTHE HECKOJIBKO IEepPEeMeraio
by 3TUX cucTeMHBIX BbI30BOB. Ctanmapt POSIX onpesesnser HeKOTOpBIE omepaiuu Kak HaJl Je-
CKPUIITOPOM, Hapumep JybjaupoBanue (B pe3y/ibrare STOi OlepaIii Mbl [OJIyYaeM J[Ba JeCKPUITOpa,
CBSI3AHHBIX C OJJHUM U TeM Ke (bailyiom), Tak u Haj caMuM ailjioM, HanpuMep, onepanuio truncate —
0bpe3aTh daiii 10 3agaHHoM JInHBL. B 6oabmuHcTBe Bepeuit Unix omepaliuio truncate MOXKHO HCIIOb-
30BaTh U JIJIsT BBIPE3AHUsI JAHHBIX U3 cepeIuHbl (paitia. [lpu canThiBaHNY JTAHHBIX U3 TAKON BhIPE3aHHOMN

006JIaCcTH CYUTBIBAIOTCS HYJIHU, & caMma 3Ta 00JIaCTh He 3aHuMaeT (PU3UIECKOTO MECTa Ha, TUCKE.

Baxknoit oneparueii siByisiercss 610kupoBka ydactkos daitina. Crangapr POSIX npemiaraer mjis sroii
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ey OubImoTeIHYI0 (DYHKIINIO, HO B cucTeMax cemeiicTBa Unix sra GpyHKIHS peaim30BaHa 4epe3 BhI30B
fentl.

Bousbmuncrso peasmsanuii crangapra POSIX npejaraer u ¢cBou JIONOIHUTEILHBIE onepanuu. Tak, B

Unix SVR4 sTiMu onepamusMy MOYKHO yCTaHABINBATL CHHXPOHHYIO MJIH OTJIOXKEHHYIO 3aIlliCh> U T.JI.

e caddr_t mmap(caddr_t addr, size_t len, int prot,
int flags, int handle, off_t offset) Orobparkenue yuacTtka dailjia B BUPTyaIb-
HOe aJIpecHOe IPOCTPAHCTBO Iiporecca. [lapamerp prot 3amaer mpaBa J0CTyla K OTOOPa’KEHHOMY
YYaCTKy: Ha UTeHWe, 3aluch u ucnojinenne. OToOpaskeHue MOXKET MPOUCXOJIUTH Ha 3aJIaHHBIN BUP-

TyaJIbeIfI aJlpec, NJiIn 2Ke CucreMa MOzKeT BbI6I/Ipa,Tb aJlpec IJid OTO6pa}KeHI/I}I caMa.

Emie npe oneparuu BBITIOJTHSIOTCA yaKe He HaJ (pailjioMm, a Ha/l €r0o UMEHEM: 3TO OIEPAINHU IIePenMe-
HOBaHUs U ynajeHus daitina. B HekoTophIx cucremax, HanmpuMmep B cuctemax cemeitcrsa Unix, daitn moxker
UMETb HECKOJbKO MMEH, U CYIIECTBYeT TOJILKO CHCTEMHBIN BBI3OB g yaaJsenus nmeHu. Pailn ymassercs

npu yJaJIEHUU ITOCJIEHEr0 NMEHU.

Bumno, uro Habop omeparuit Hal dailjioMm B 3TOM CTaHJIApTEe OYEHBb MOX0XK Ha HADOp oleparuil Ha/l
BHEIITHUM yCTPO#CTBOM. U TO 1 pyroe paccMaTpuBaeTCs KaK HECTPYKTYPUPOBAHHBIN TOTOK OaiiT. st mmoJi-
HOTBI KapTUHBI CJIEJIlyeT CKa3aTh, YTO OCHOBHOE CPEJICTBO MEXKIIPOIECCHON KOMMYHHUKAIIUU B CHCTEMAaX Ce-
meiicTBa Unix (Tpy6a) Takzke npejcraiisier coboit HeCTPYKTYPUPOBAHHBIN [TOTOK JaHHbIX. Vest o ToM, 4To
OOJIBIMMHCTBO AKTOB IepeIadn JAHHBIX MOXKET ObITh CBEJIEHO K DaliTOBOMY ITOTOKY, JOBOJIBHO cTapa, HO Unix

ObLLI O,HHOfI U3 IIePBbIX CUCTEM, I'JIe 3Ta uaed ObLIA HpI/I6JII/I}KeHa, K JIOTHIECKOMY 3aBEPIITCHUIO.

[Tpumepno Ta ke Mojenab paborsl ¢ daitiamu npunsgra 8 CP/M, a Habop dailioBbix cucTeMHBIX
Be130B0B MS DOS dakruaeckn ckomuposan ¢ Bbr3oBoB Unix v7. B cBoro ouepens, OS/2 u Windows NT yma-

cJe0BaIN IPUHIMIE paboThl ¢ daiiaamu HemocpeacreerHo or MS DOS.

Hamnporus, B cucremax, He umeroriux Unix B pOJIOCTIOBHOI, MOYXKET UCIIOJIB30BATbCSI HECKOJIBKO MHAsT
TPaKTOBKa HOHATHUs (paiiia. Hale Bcero daiiy TpakTyercs Kak Habop s3anuceil. OO6bIMHO CUCTEMA OIEePKI-
BaeT 3allMCH KaK IOCTOsIHHOMN JIJIMHBbI, TaK U nepemennoit. Hanpumep, TekcToBbIil daili nHTEpIpETUpPyeTCs
Kak aily ¢ 3anucIMU IEePEMEHHON JIJIUHBI, a KayKJIOfl CTPOKE TEKCTa COOTBETCTBYET OJHA 3allUCh. TaKoBa

Moziesib paborer ¢ daitizamu B VMS u 8 OC siuanu 0S/360-MVS dupmbr IBM.

[IpakTuka cucTeM ¢ HECTPYKTYPUPOBAHHBIME (hailjlaMu MOKa3aJia, ITO XOTS CTPYKTYPUPOBAHHBIE
daitsibl 9acTo O6BIBAIOT YJIOOHBI JIJIs TPOIPAMMUCTA, HEODSA3ATEIbHO BCTPAUBATH MOJIEPKKY 3aIUCeil B PO
CUCTEMBI. DTO BIIOJIHE MOXKHO CJIeJIaTh U Ha ypoBHe Oubsimorek. K Tomy ke CTPYKTypHpOBaHHBbIE (hailyibl
camu 10 cebe He PEImalT Cepbe3HOil MPOobJeMbl, TOJHOCTBIO OCO3HAHHON Jiuinb B 80 IT. nmpu paspaborke

HOBBIX MO,ILGJIefI BBaHMOﬂeﬁCTBHﬂ JeJIOBEKa C KOMIIBIOTEPOM.

TToapobree MOHATIE OTIOKEHHON 3amUcH 06Cy K IaeTcs B m. 7.3.5.
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8.1.3 Tun daiiaa

JIerko moHATDH, ITO CTPYKTYPUPOBAaHHBIE (DAMIBI IPEJOCTABIAIOT CUCTEME U IIPOrPAMMUCTY HH(MOPMAIIAIO O
CTPYKTYPE XPaHSIINXCS TAHHBIX, HO HE Jal0T HUKAKUX CBEJeHHUIl O CMbIC/e U (POpME MPEICTABICHUST ITUX

JTaHHbBIX.

Hanpumep, ¢ TOUKN 3peHUsT CUCTEMBI HCXO/IHBIH TEKCT MporpaMMbl Ha sizbike C 1 JOKyMeHT B hopmaTe
ATEX coBepIeHHO WJIEHTHYHBL: U TO ¥ JIPYroe HPeJCTaB/seT coboi TeKCTOBbI (haiiyl (uam, eciu yrojHo,
daitn ¢ 3anucsimu nepemenHol JymHb). OJHAKO, €CJIM MBI MONBITAEMCS [OJaTh HAIl JOKYMEHT Ha BXOJI

C-KOMHI/IJ’IHTOpa7 MBI IIOJTYIUM MHO2KECTBO CUMHTAKCUYIECKUX OIMOOK ¥ HUKAKOI'O II0JIE3HOIO pe3yJibTaTa.

OTOT HPUMED MMOKA3BIBAET, YTO BO MHOIMX CJIy4asiX OKa3bIBAETCH KeJATeJbHO CBA3aTh C (haitjaoM -
HEBaXKHO, CTPYKTYPUPOBAHHBIN JiK 93TO (daiiy miu 6AfTOBBIN ITOTOK - KAKyIO-TO METAMH(MOPMAIIAIO: B KAKOM
dopmaTe XpaHsaTCs JaHHbIE, KAKUE OIEPAIUU HaJl HUMU JIONYCTUMbI, & WHOL/IA U CBEIEHHUS O TOM, KOMY U

3a49€M 9TU JaHHBbIE HY2KHBI.

[To-Bumumomy, nambosiee oOMIUM perieHneM 3To# mpobieMbl ObLT ObI 00BHLEKTHO-OPUEHTUPOBAHHBIH
[IO/IXO/, B KOTOPOM (aiiyi TaHHBIX PACCMATPUBAETCH KAK OOBEKT, & JIOIyCTUMbBIE OIEPAITUU - KAK METOIbI
sTor0 00bekTa. Hu B onmoit u3 uzsectuwix apropam OC sTa uies B MOJTHON Mepe He Peajn30BaHa, HO MOTb-
30BaTebcKue nHTEepdeiichl MHOruX coBpeMeHHBIX OC IpeocTaBIsioT BO3MOXKHOCTD aCCOIUUPOBATDH OIpe-

JeseHHbIe feficTBust ¢ pailjiaMu Pa3/InIHbIX TUIOB.

Tak, nanpumep Explorer - mosn3zoBarenbckast oboouka Windows 95 u Windows NT 4.0 - nozsosisieT cBa3aTh
Ty WIA UHYIO Iporpammy ¢ dailaaMu, IMEIINME OIpee/eHHOe pacllipenne, Hanpumep, nporpammy MS Word ¢
daitnamu, nmeronmmu pacmupenue .DOC. Korma mosib3oBaresb HaXKMMAET JI€BOM KHOIKONR MBI Ha MKOHKE, IIPEe-
cTaBJISIIONIEH Takoii (bailt, To aproMaTndeckn 3amyckaercs MS Word. D1u ke acconuanuu TOCTYIHBI U U3 KOMAaHHON

CTPOKU - MOXKHO HaredaraTh start Joxmazn.DOC u ongrh-Taku 3amycrurcs MS Word.

Takoe cBA3BIBAHME O9EHD IPOCTS B PEANM3ALNN U PEAJU3YeTCs He TOIbKO B Explorer, Ho n B mpocThIx
TekcToBBIX 0bosoukax Bpoxe Norton Commander. Ot OC npu sTOM TpebyeTcs TOIBKO JaTh BO3MOMKHOCTD

KaKIM-TO 00pa3oM pas3indaTh TUILI PailIos.

[TepBbie TONBITKE accOMUUPOBATDH C (hailjioM Tpu3HAK THUla ObLIU ¢aenanbl emie B 60 rr. [Ipu srom
UJIEHTH(DUKATOD TUTIA JODABJISICS K UMEHHU (hbaiijia B BUJIe KOPOTKON, HO MHEMOHUIECKON TOC/IeI0BATEIHHO-
CTH CUMBOJIOB — paciiupenusi (extension). B 6osbmuncTse coBpemennbix OC pacimupenue oTae/sercs oT
UMEHU CHMBOJIOM .’ HO IIPOCJIEIUTb UCTOKW 3TON TPAUIIANA aBTOpPaM He yiaayock. [Ipu aTom, Hampumep,
daitnbl Ha s3pike C OyayT mMmerTh pacmumpenue ".c", Ha C++ — ".C", a mokymenTtsl B ¢gopmare INTEX —

" tex".

B OC cemeiicrBa Unix umsi daiiia MOXKeT cojiepKaTh HECKOJIBKO CUMBOJIOB ’ .7, U, TAKUM 0Opa30M,
daiiys MOXKeT UMeTh HECKOJIBKO KaCKaINnpOBaHHBIX pacinupennii. Hanpumep, daitr "main.C" — 9T0 nporpam-
Ma Ha g3bike C++; "main.C.gz" — 510 mporpamma Ha s3bike C++, ynakosamnas apxusaropom GNU Zip

C TEJBI0 COKOHOMUTH MeCTO; "main.C.gz.crypt" — 9T0 mporpamMma, KOTOPYIO YIAKOBAJIM U HOTOM 3armud-
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poBaJi, 4YTOOBI HUKTO IIOCTOPOHHUI HE CMOI €€ MPOYUTaTh; HAKOHeI, "main.C.gz.crypt.uue" — 370 yIia-
KOBaHHas W 3amnpoBaHHas IPOrpaMMa, IIpeodpa3oBaHHas B MTOCIEI0BATEILHOCTD IMeYaTaeMbIX CHUMBOJIOB

koma ASCII, manpumep, 77151 IEPECHIIKA TIO 3JIEKTPOHHOM MoYTe.

B mpunnnme pacimmpeHust sIBJASIIOTCST BIOJIHE TMPUEMJIEMBIM U BO MHOTMX OTHOINEHUAX JIaxKe OUeHb
YIOOHBIM CIIOCOOOM maeHTUdUKanuy Tuia ¢aiiaa. OaH0 U3 yao0CTB COCTOUT B TOM, 9TO JJIsI UCIOJIB30Ba~
HHUsI 9TOMO METOJ[a He HYXKHO HUKAKUX WA [MOYTH HUKAKUX ycuauil co croporbl OC: mMpocTo mporpamMMbl

JIOTOBaPUBAIOTCA UHTEPIPETUPOBATHL UMst (pailyia ompe/ie/IeHHBIM 00PA30M.

Hampuwmep, cranmapTHblil JpaiiBep KOMOWJIATOPA B cucremMax cemeiictBa Unix — nmporpamma cc —

orpeesisier Tuil daiiyia uMeHHO 1o pacmupennio. Komananas crpoka

IIpumep 14
cc main.C c-code.c asm-code.s obj-code.o\

library.a -o program
Oy/eT MHTEPIPETUPOBATHCS CJIEIYIONIIM 00pa30M:

main.C: TekcT Ha s13bike C++. Ero Hy»KHO TPOIYCTUTH Yepe3 MPEempoIeccop U OTKOMITUINPOBATH KOMITHLIIS-
topoM C++4, a 3aTeM mepeiaTh TO, YTO MOJYUUTCsI, PEJAKTOPY CBsi3eill. BOJIBITMHCTBO KOMIUIATOPOB
B Unix remepupytor Kox Ha acceMOjiepe, TO €CTh BBIBOJ KOMIIUJISTOPA €Ie HYYKHO MPOIYCTUTb Yepe3

accembJrep.

c-code.c: mekcT Ha si3bike C. OH obpabaTbiBaeTcst, Tak ke, Kak U C+-+-IporpamMma, TOJIBKO BMECTO KOMIIH-

sgsitropa C4++ ucrosb3yercst 00braHbIH KoMuisiTop C.

asm-code.s: mporpamMma Ha s3blke acceMbiiepa. Eé HykHO 00paboTarh acceMOJIEPOM U TIOJIYIUTh OO BEKTHBIN

MOJTYJIb.
obj-code.o: 00BEKTHBII MOY/Ib, KOTOPBIil HEITOCPEJICTBEHHO MOXKHO I1€PE/IABATH PEIAKTOPY CBS3EN.

library.a: obbekTHas OUOINOTEKA, KOTOPYIO HY2?KHO HCIIOJIb30BATH JIJIst PA3pPEIIeHUs BHEIHUX CCHLIOK Ha-

paBHE CO CTaHIAPTHLIMU OMOJIMOTEKAMI].

Muorue OC, paspaborannbie B 70-e rr., takue kak RT-11, RSX-11, VAX/VMS, CP/M, nassi3biBa-
FOT [POTPAMMUCTY pasjeieHrne UMEHU Ha COOCTBEHHO MMs U PaCIIMpPEHNe, MHTEPIPETUPYS TOUKY B MUMEHH
daiiyia Kak 3HaK MpenuHaHus. B Takux cucreMax uMs MOYKET COJIEPYKATH TOJIBKO OJIHY TOUKY U COOTBETCTBEH-
HO UMeTb TOJIbKO 0jHO pacimpenne. Hamnporus, 8 OC nosoro nokosierusi — OS/2, Windows NT u jaxe B
Windows 95 — peannzobana nojaepkKa uMeH Gpailios cBo6oaIHoro popMaTa, KOTOPLIE MOTYT UMETh HECKOJIb-

KO KaCKaJMPOBAHHLIX pacimupenuii, kak u B Unix.

O/1HaKO HUKAKWe CPEJICTBA OIEPAIMOHHON CUCTEMBI HE MOI'YT HABA3ATH IMPHUKJIAIHBIM IIPOIPAMMAaM

[IpaBUJI BBIOOpA PaCIIUpeHus st DAMIOB JTaHHBIX. JTO MPUBOIUT K HENPUSATHBIM KoJutu3usaM. Hampumep,
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[IOYTH BCE TEKCTOBBIE Iponeccopbl oT Jlekcukor 1o Word 7.0 BKIIIOUNTEIBHO HCIONB3YIOT pacmupenne gaiira
.doc (cokpammenue or document), xorsi popmaTel dailJIOB y PA3IMYHBIX IPOIECCOPOB U JIayKe y Pas3HBIX

BEPCHUil OJHOT'O IIPOIECCOPA CUIBHO PA3JIMYAIOTCH.

Ipyrast npobjieMa CBsI3aHa C UCIHOJIHSIEMBIMEA 3arPy30YHBIME MOy IsiME. OOBIYHO CHCTEMa, UCIIOJIb-
3yeT OlpejieIeHHOe PACIIpenne Jist ucnoHseMblx daiinos. Tak, VMS, MS/DR DOS, 0S/2, MS Windows u
Windows NT wucnosib3ytor paciupenue .exe: cokpaiienue ot executable (ncmosasiemsrit). OHaxo 110 Me-
pe pasBuTUsL cucTeMbl OPMAT 3arpy309HOIO MOJYJIsl MOYKET U3MeHsAThcs. Tak, Hampumep, 0S/2 v3.0 Warp

MOJIEP2KUBAET 10 KpaiiHeil Mepe MATh Pa3IndHbIX (POPMATOB 3arPy309IHBIX MOTYJIEH.

—_

16-paspsijiHble cerMeHTHPOBaHHbIe 3arpy3o4unble Moyin: dgopmar 0S/2 1.x.

2. 32-paspsifiHble 3arpy304HbIe MOJYJIM, UCIOJIL3YIONe «INIocKyio» (flat) momens mamstu: dhopmar

0S/2 2.x.
3. 32-paspsijiHble MOJIyJIU HOBOIO (pOpMaTa, UCIOJIb3YIOIINe YIIaKOBKY Kojia u JaHubix: ¢popmar 0OS/2 3.x.
4. DOS-oBckme .exe U .com MOJTYJIN.

5. Barpysounsie mogyau MS Windows.

st menoaennst nocsreaaux aByx Tunos mporpamM OS/2 cozmaer 3a1ady, paboTAIONIYI0 B PEXKI-
Me copMmectuMocTu ¢ 8086. Dra 3amada zamyckaer komuio siapa DOS u, eciam 3T0 HEOOXOIMMO, KOIIUIO
MS Windows, KoTopble y2Ke BBIIOJIHSAIOT 3arpy3Ky IPOrpaMMbl. 3arpy309HBIE MOLYJIHM BCEX TPEX «POIHBIX»

dopMATOB 3arpyKAIOTCA CUCTEMOM HEITOCPE/ICTBEHHO.

Tak wau mHave 3arpy3vuK JOJXKEH yMeTh IPaBUJIbLHO pacio3naBaTh Bce dopmarol. [Ipu sTom o
HEe MOXKET MCIIOJb30BaTh paciiupenue daiiia: daityibl Bcex MepedancaIeHHbIX (POPMaTOB UMEIOT PAaCIINPeHne

.EXE.

IToxoxkas CUTyaliisl nMeeT MECTO B CUCTeMax ceMelicTBa Unix, e 6I/IHaprIe 3arpy30vHbIC MOJIYJ/IA U
KOMaHJHBbIE d)aﬁﬂbl BOO6IH€ HE UMEIOT PaCHINPCHUA. HpI/I 9TOM OOJIBIIIUHCTBO COBPEMEHHBIX BepCI/IfI CHUCTEMBI

TaK2Ke IIOAJAEP2KUBACT HECKOJIbKO PA3/IMYHBIX UCTOPUYIECCKHU CJIO?KUBIIINXCS (bOpMaTOB 3arpy309HOro MO/LYJIs.

Pazpaboruuku Unix cronkuymucs ¢ 9roit mpobsemoii ertie B 70 rr. B KadecTBe perieHnst OHU IPe 110K -
JIM MCIIOJIB30BaTh Marmdeckue umucia (magic number) — coriaienue o ToM, 9To (hailiibl OIPeIeJIeHHOIO
dopmara comepzKaT B Hadaje OMpeIe/IeHHBIN OafiT Wan mocaemnoBaTebHOCTh OaitToB. IlepBoHAYAIBLHO 3TO
ObLIM YHCJIeHHBIE KOJbI; (hafin /etc/magic cojiepakaj KOJjibl, COOTBETCTBYIONINE N3BECTHBIM TUIAM (haiiioB.
[TozaHee B KauecTBEe MArMIeCKUX UUCE] CTAJIU UCIOJIB30BAThCs JJINHHBIE TEKCTOBBIE CTPOKU. TaK, HalpuMep,

n3obpaxkenus: B (popmare Compuserve GIF 87a mo/izKHBI HAUMHATHCS ¢ CUMBOJIOB GIF87a.

Jlerko IIOHATDH, YTO MarvdeCKne 4Yucjia HUIYTb HEe JIy4IIie paCHlI/II:)eHI/II'./'I7 a BO MHOI'IX OTHOIICHUAX
JazKe XyKe. HELHpI/IMep7 IIOJIB30BaTE/Ib, IIPOCMOTPEB COACPXKUMOE KaTaJiora, HE MOXKET Cpa3y y3HaTb TUIIbI

cojepxkalnuxcs B Heit daitios. Eie xyx)e curyarusi, Korja paciiupenue daiiia He COOTBETCTBYET €ro pe-
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AJIbHOMY THUILY. 1o 6y,ZLeT BBOJIUTH B 3&6Hy7K,ZLeHI/Ie HE TOJIBKO ITOJIb30BaTeJId, HO U HEKOTOPBLIE IIPOTIpaMMBbI,

[IOJIArAIONIUECs IPU olpejieieHnu (hopMaTa Ha PACIIUPEHUE BMECTO MArMYeCKOro YUC/IA.

C JJIMHHBIMUA MHEMOHHUYCECKUMU TEKCTOBBIMU CTPOKaMMU MOZKET OBITH CBSI3aHA, emie oJHa 3abaBHASI

mpobJieMa, KOTopasi MOXKeT UMEeTh HEIPUSTHBIE Toc/iecTBrsA. Hanpumep, TeKCTOBBIN dail CaeIyoIero co-

JIepzKaHusd:
IIpumep 15
GIF87a -- 3To oueHBL mIIOXO#l dopMaT

XpaHeHHUsa u306paxeHui.

OyZeT BOCIPHUHST HEKOTOPBIME IIporpaMMaMiu Kak m3obpazkenue B (opmare Compuserve GIF 87a,

KaKOBBIM OH, 0E3yCJIOBHO, HE ABJISIETCS.

[Tbrrasics Kak-To permuTh mpobiemy uaeHTuduKanum Tuia ¢gaiiia, paspadorunku Macintoch orkasza-
JIICh KaK OT PACIIMPEHHit, Tak 1 0T Marndeckux quces. B MacOS kaxplit daiisn cocront u3 1ByX dacreii wim
BerBeil (forks): Bersu nannbix (data fork) m BerBu pecypcos (resource fork). Kpome nnenruduxaropa

Tuna daitja, BeTBb PECYPCOB XPAHUT UH(MOPMAIIUAIO O:

® UKOHKEe, CBA3AHHON ¢ 3TuM (ailyiom;
® DACIIOJIOXKEHUH MKOHKH B OTKpbITOi mamnke (folder);
e 1porpamme, KOTOPYIO HY?KHO 3allyCTUTDb IIPU «OTKPBITUN» 3TOro daiiia.

Eme panbine B 3TOM Ke HanpasieHun nonuim paspaborauxu cucrembl OS/2. B aroil cucreme ¢ KaxKIpIM
daitiiom cBs3an Habop pacmiupeHHbrx arpudyToB (extended attributes). Arpubyrol umetor Buy UMA : 3BHavenue.
[Tpu 3TOM 3HAUEHNE MOXKET OBITH KaK TEKCTOBOI CTPOKOM, Tak U OJIOKOM JIBOMYHBIX JAHHBIX [IPOM3BOJIBHOIO hopMara
u pasmepa. HekoTopble paciimpenubie arpuOyThl UCHOIb3YIoTes obosoukoit Workplace Shell (WPS) kaxk sxBuBasieHT
BerBHU pecypcoB B MacOS: nyisg winentudukanum tuna daiiia, CBA3aHHONW ¢ HUM UKOHBI U Pa3MEIeHNsT 3TOH UKOHBI B
OTKPBITOM OKHe. Tun daiura naenTudunupyercs TeKCToBoit crpokoit. Hanpumep, nporpamma na s3bike C upentudu-
nupyercst cTpokoii C code. DTO PE3KO YMEHbBIIIAET BEPOSITHOCTb KOHMJINKTA UMEH THIIOB — CUTYAIIUIO, JOBOJBHO YACTO

BO3HUKAIOIITYIO IIPU UCIIOJIB30BaHUN pacmnpeHHﬁ HMJIN Marmw4eCKux 4duceJI.

Jlpyrue aTpubyThl MOI'YT HCHOJB30BaThCs Jist npyrux neseii. Hanpumep, LAN Server — daiiyiossiii cepsep
dupmer IBM — ucnonb3yer pacummpenubie aTpubyThl 1jis XpaHeHUs nHGOpPMAIME 0 cobcTBeHHUKe (dafiia u mpaBax
Joctyna K Hemy. HeKoTopble TeKCTOBbBIE PEIaKTOPbI UCHOJIB3YIOT PACITHPEHHBIE ATPUOYTHI JIJTsi XPAHEHUST TTOJI0XKEHUST
Kypcopa IIpH 3aBepIIeHnn TOCIeHeNH CeCCUU PeJaKTUPOBAHUsI, TaK UTO IOJb30BATEIh BCETJA MOMAJaeT B TO MECTO,
rJe OH OCTAHOBUJICS B IIPOILIBIA pa3.

Kpowme Toro, pacrmpentbie aTpubyThl MOTYT UCIIOIH30BATHCS U JIJIsl XPAHEHUS CBEJICHUI 0 HazHadeHnn daiia.
B 0S/2 cymecrByior npenoupeieieHtble paciiupeHHble arpuOyThl ¢ uMeHamMu Subject (Tema), Comment (KOMMeEHTa-
pun) u Key phrases (kuoueBbie (bpas3bl), KOTOPbIE MOI'YT, HAIPUMED, UCIOJIL30BATHCS JI HOMCKOB JOKYMEHTOB,
OTHOCATIUXCS K 3aJIaHHON Teme. K coKaJIeHnIo, TaKo IMOMCK BO3MOXKEH TOJIBKO €CJIU CO3/aTejlh JOKYyMEeHTa 103ab0-

THUJICA IIPUCBOUTDH 3TUM anI/I6yTaM IIpaBUJIbHbIE 3HAYCHUA. ..
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8.2 MoHTtupoBaHue (HailjIOBBIX CUCTEM

IIpexge vem OC cMOXKeT KCIIOJIB30BaTh (hailloByI0 CHCTEMY, OHA JOJIXKHA BBIIOJIHUTEL HaJl, 9TOH CHCTEMOit

olepallnio, Ha3bIBAEMy0 MOHTUPOBaHueM (mount). B obiiem ciaydae onepaiiist MOHTHPOBAHUST BKJIIOUALT:

e 1poBepKy Tuita MouTHpyemoit PC;
e 1poBepKy nejocraoctu PC;

® CYUTBIBAHUE CUCTEMHBIX CTPYKTYD JaHHBIX U MHUNUAJIA3aAd COOTBETCTBYIOIIECTIO MOJYJIA d)aﬁJIOBOFO

MeHejKepa (JpaiiBepa (dailJioBoil crucTeMbl);

® B HEKOTOPBIX ciaydasx — momuduramuio OC ¢ Tem, 9T00bI yKa3aTh, 9TO OHA YK€ CMOHTHPOBaHA —
yCTaHABJIMBAETCs Tak HasbiBaeMblil ¢uiar 3arpsisnenus (dirty flag). 91o moxer 6bITh HEOGXOAUMO,
eciin @C meycroiiunBa K c60sM® B 9TOM cilydae IIpu ee PasMOHTHPOBAHUE HEOOXOMMO BBIIOIHUTD

CIienmraJibHbIEe OIlepalium.

Eciu cucrema npiTaercsa IIOAMOHTHUPOBATh TaKYIO ®Cu BUJIUT, 9TO (bHaF 3arps3HEeHUA YCTaHOBJIEH, 9TO
O3Ha4vaeT, 9TO IIpU IIOCJIEIHEM HCIIOJIb3OBAHUU €€ HE Pa3MOHTHUPOBaJIN HaJlJIe2KallluM 06pa30M. B sTom
CJIy4dae 1nepea MOHTUPpOBaHUEM HeO6XO,ILI/IMO 3allyCTUTDh IIpOrpaMMy IOYUMHKU q)C, KOTOpasd BBISABUT BCE
HpO6JIeMbI, BOBHUKIIINE IIPU TaKOM HEIIPpaBUJIBHOM Pa3MOHTHUPOBaHUU. qame BCero HpO6JIeM HET, HO

OHH MO02Yy1m BOSHUKHYTD;

® BKJIIOUEHME HOBOU (hailjioBoil cucTeMbl B 00IIee MPOCTPAHCTBO UMEH. B Pa3/nIHbIX CHCTEMAaX ITO Je-

JIaeTCA PA3TINIHBIMI CII0CODaM.

Ecyin mbr MmonTupyem @C, pasmernennyio Ha yiaajaeHHoi Mmammube (daitsioBom cepBepe), To maru 1

U 2 3aMEHSIOTCS Ha, YCTAHOBJIEHUE COEIMHEHUs 3TUM (DAlJIOBBIM CEPBEPOM.

Muorwue nosibzoBaresin MS/DR DOS Hukorja He CTaJKHBAINCH C TIOHATHEM MOHTHpOBaHUsA. Jleo B
TOM, 4TO 9Ta cucreMa (Kak u Muorue japyrue JJOC, nanpumep RT-11) BbIIOIHSIET YIPOIIEHHYIO IPOIELYDY

MOHTUPOBAHUS TIPU KAaXKJIOM 00paIlieHnu K (aiiy. YIPOIIeHs COCTOAT B IIPOIYCKE MAroB 1 u 2 U OTCyTCTBUU
mara 4 (@C MS/DR DOS ycroituusa K c6osim).

IIpu pabore ¢ daitnoseiMu cepsepamu Novell Netware MmonTHpOBanue cepBepHbIX BaIOBBIX CUCTEM
IIPOU3BOAUTCA KOMaH 01 MAP.

O6br9HO M daitia B IOAMOHTUPOBAHHOMN daitopoit cucTeMe  WMeeT BHJL
UMA_&C: \umena\rkaTanoros\ums.daina [lpu srom BMmecTo pazmenureseit ’:’ um ’\’ MOTYT HUCIOJb30-
BAaTBCS JPYTHE CUMBOJILI.

B RT-11, RSX-11 u VMS B KadecTBe mMeHH (DAilJIOBOl CHCTEMBI HCIIOIB3YETCsT UMsl (DUBUIECKOTO

ycTpoiicrBa, Ha KoropoM pasMmelera OC. Eciu ucnonssyercs DECNet, nmepen nMmeneM ycTpoiicTBa MOYKHO

3Vcroitumprie u Heycroiumsbie kK c6oam DC obcyxmaoTcs B 1. 8.4. 31eCh MBI OTMETHM TOJIBKO, 9TO GOJIBIIHHCTBO COBPE-

MEHHBIX BBICOKOIIPOU3BOANUTE/IbHBIX CDC OTHOCATCA K KaTeropuu HeyCTOI‘/JILII/IBbIX.
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MTOMECTUTH UMsI Y3714 CETH, HA KOTOPOM 5TO yCTpoicTBO Haxomutcs. llommoe nmst daitra B VMS BoimaganT
Tak: DUAO: [USERS.FAT_BROTHER.WORK] test.exe. IIpu srom DUAO o3nadaeT jgucKkoBoe ycTpoiicTBo 0, mpuco-
eIMHEHHOE K IUCKOBOMY KOHTpoJsitepy A: Disk Unit A [device #] 0, USERS.FAT_BROTHER.WORK] osnagaer
kataJsor WORK B karasiore FAT_BROTHER B kaTtasiore USERS.

B CP/M, MS/DR DOS u 0S/2 umena ¢aitioBbix cucreM 0603HAYAIOTC OYKBAMHI JIATHHCKOTO AJl-
daButa, a camu HaitJIoBbIe CUCTEMbBI YACTO ITOYEMY-TO HA3LIBAIOTCH «ApaiiBamuy. [Ipu HEKOTOpOM KeJTaHuu
MOYKHO HUCII0JIb30BaTh B KadecTBe uMmen PC rakxke cuMmBoibl > [? u ’]°. Yerpoiicrsa A: u B: — 310 BCeraa
JTUCKOBOJIBI THOKIX ,ZLI/ICKOB4; yCTpOiicTBO C: — OOBIYHO IEPBbI XKECTKUHN AUCK, UK IEPBLIN Pa3ies Ha IePBOM
2KECTKOM JIHCKE.

ABTOpOB BCerja MHTEpecoBaJsl BOIIPOC: 4TO OyJeT Jejarh [0JIb30BaTelb, KOIJa Y HEr0 KOHYATCS JIOCTYIIHBIE
6yKBI)I aﬂ@aBI/ITa? HpI/I HCIIOJIb30BaHNUN TOJIBKO JIOKAJIbHBIX JIUCKOB TaKad CUTYallusl KazKeTCd I\IaJIOBepOHTHOI‘/JI7 HO 1Ipu
IIOAKJ/JIIOYEHNHN K HECKOJIBKUM (baﬁ.HOBbIM cepBepaM KOJIMIECTBO UCIIOJIb3YEMbIX (baﬁHOBbIX CHUCTEM PE3KO BO3pacTaerT. . .

B 0S/2, Windows NT u Windows for Workgroups sTa mpofiema perieHa UCHONB30BAHIEM TAK HA3BIBAEMBIX
UNC-umeH, 3agaomux umst gaiiia B Buge \\NODE\SHARE\PATH\FILE.NAM, riue NODE — 310 uMsi cereBoro y3Jja, SHARE
— UMl pa3essieMOro pecypca Ha 9TOM y3je (9TO MOMKET ObITh HEe TOJIBKO Da3iesseMblil KaTaJor, HO U LIPUHTED, &
B OS/2 rakxke u mozem), a PATH\FILE.NAM — uyTh K ailly OTHOCUTEJIBHO pasesseMoro Karajgora. K coxkasieHuo,
JTAJIEKO He BCe CTapble MPOrpaMMbl MTOHUMAIOT TakKue nMeHa. Hampumep, make CTaHIapTHBI KOMAHIHBIA MPOIECCOD

cucrembl Windows NT He moxker ucnonuunth komanay cd \\NODE\SHARE\DIR.

J1IOC, kak mpaBujIo, MOMEIAT B IPOCTPAHCTBO UMEH BCE JIOCTYIIHBIE HJIOUHBIE YCTPOWCTBA, HE BbI-
TIOJTHSIST TIOJTHOM IIPOIIEyPhl MOHTHPOBaHUsI. Kc/in Kakoe-To n3 9Tux ycTpoiicTs He cojepkuT PC uzBecTHOrO
THUIA, TO CUCTEMa OyIeT BO3MYIIAThCS MIPU OOPAIEHUAX K TAKOMY YCTPOUCTBY, HO HE YIAJUT €ro U3 CIHMCKA
nocrynabix OC. A nHOTIA J1axKe He OyIeT BO3MYINATHCS — MOMPOOYiiTe TOCTABUTE B JIMCKOBOJ MAIUHBI IO,
yupasieaneM MS/DR DOS nuckery, He comepzkaiyio ¢aitinoBoit cucremsl (HampuMep, CO3IaHHYIO IPOrPaM-
MO tar) u ckazaTh DIR A:. Ckopee Bcero, Bbl yBUJIUTE HECKOJBKO SKPAHOB MyCOpa, HO HA OJIHOTO COOOIIEHU ST
06 ormmubke!

B onepanumonnbix cucremax cemeiicrBa Unix cmonTupoBarabie @C BBITJISIISIT KAK KATAJOTH €MHOTO
nepeBa’, HAUMHAIOMIEIOCs ¢ KOPHEBOI'O KATaJjora, BblaeseHHON mepsoit PC, HazpiBaeMoil kopnesot (root).
AJIMUHHCTPATOD CHCTEMBI MOXKET TTOAMOHTHPOBATH HOBYIO P C K JII0OOMY KATAJIOTY, HAXOSIIEMYCS Ha JIIOOOM
ypoBHe jiepeBa. Takoil KaTaJior mocjie 3TOro Ha3bIBAIOT «TOYKOW MOHTHUPOBKM», HO 9TO BbIPAyKEHUE OTPaYKAeT
TOJIBKO TeKyIree cocTosinne Karajora. [locite Toro kak mMbl pasmonTupyeM OC, MBI CMOXKEM HUCIIOJIb30BATH
9TOT KaTaJor KaK OOLIYHBIN, 1 HA000POT, MBI MOXKEM CIEJIATH TOYKON MOHTUPOBKHU 210007 KATAJIOT.

Taxkoit IIOAXO/ UMeeT HeO1YeBU/IHOe, Ha HepBbeI B3IVIA/, HO CEPBE3HOE IIPEUMYIIIECTBO II€pel pa3ae/JIbHbIMU IIPO-
CTpaHCTBaMMU NMEH JId Pa3HBIX (bI/I?’I/I‘{eCKI/IX (baﬁHOBbIX CHUCTEM. HpeI/IMyHIGCTBO COCTOUT B TOM, YTO IIPOCTPaHCTBO
HNMEH OKa3bIBaCTCA «OTBA3aHO» OT d)HIBH“IQCKOI‘O pa3mMenieHud d)aﬁHOB. HOSTOMy AJIMUHUCTPATOP MOXKET ITOJAJACPZKH-

BaTh HEM3MEHHYIO CTPYKTYDPY J€pPeBa KaTaJIOIOB, IlepeMelnasi IPU 9TOM OTJeJIbHble BETBU IO JUCKAM Daju OoJjiee

4 TobonbiTHas geTanb — 3.5’ IUCK COBCeM He rHeTcst. TeM He MeHee, OH, II0YeMy-TO, HA3BLIBACTCS THOKIM.

5Crporo rosops, crpykrypa karagoros B UNIX He obs3ana, SBISATHCS EPEBOM; HO 06 9TOM HUXKE
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3 dHEKTUBHOrO UCIOJIB30BAHUS JIUCKOBOI'O IPOCTPAHCTBA HJIH JIarKe IPOCTO Pau yIA00CTBa aIMUHUCTPUPOBAHMS.

ITo Tpamurmuu Bce Unix-cucreMbl MMEIOT MPUMEPHO OJMHAKOBYIO CTPYKTYPY J€peBa KaTajOrOB: CHCTEMHBIE
YTHJIMTHI HAXOJIsITCS B KaTajore /bin, cucremHble 6ubanoTekn — B Karajiore /lib, kKoHbUrypaimonuabse Gaiyibl - B

karajore /etc u T.;. Hampumep, 6a3a JaHHBIX 00 HMEHAX IOJIb30BaTeseil Bcerga HaxoauTces B (aiie /etc/passwd.

8.3 CrpyKTypbl (pailjIoBBIX CHUCTEM

8.3.1 [IlIpoctbie daiiioBble CUCTEMBI

Hawubosiee mpocToii ¢aitioBoit crucreMoil MOXKHO CUHTATHL CTPYKTYPY, CO3/IaBaEMyIO0 apXUBATOPOM CHCTEMBI
UNIX — nporpammoit tar (Tape ARchive — apxus Ha [MarHuTHOi| jeHTe). DTOT ApXUBATOP POCTO MHIIET
dafinpl ouH 3a APYrUM, TIOMeIIas B HAYaIe KaXKIO0TO (aiiia 3aroJIOBOK € ero MMeHeM W JImHON. Ama-
JIOTUYIHYIO CTPYKTYPY HUMEIOT (pailyibl, CO3MaBaeMble apXHBATOPAME THIA arj; B OTIWYME OT HUX, tar He

VITaKOBBIBAET (Pail/Ibl.

Ecyiz BB X0THUTE HANTH KAKOW-TO OIpeeIeH bl (aill, BBl JOJIKHBI IPOYUTATH IEPBBIi 3ar0JI0BOK;
ecJIu 3To He TOT (ailjl, TO OTMOTATDH JIEHTY JI0 €r0 KOHIA, IPOYUTATH HOBBIN 3ar0JIOBOK U T.JI. Kcjiu MbI 19acTo
obparmaemcs K OTJeIbHBIM (aifjilaM, TO 3TO He OYeHb YJI00HO, OCODEHHO €CJIM Y4YEeCTb, YTO ITMKJ IIE€PEMOTKA
- CYUTBLIBaHUE - IIEPEMOTKA Yy OOJIBIITUHCTBA JIEHTOIPOTSXKHBIX YCTPOUCTB IIPOUCXOUT HAMHOTO MeJICHHEE,

9eM IIPpOoCTagd IepeMOTKa.

Nszmenenne ke jymnbl daiiia B cepejiHe apxXuBa Wil ero CTUpaHue BOODINEe IIPEBPAIIAECTCH B IEJIYIO
snoniero. [losTomy tar ucrosb3yercst jijist TOro, 9To0bl coOpaTh (hailyibl ¢ IUCKa B HEKYIO €JUHYIO CYITHOCTD,
HAIPUMED, I Iepeladn [0 CEeTU WK JJI PE3EPBHOTO KOIMMPOBAaHUS, & JJisi paboThl (hailyibl 0OBIYHO paciia-

KOBBIBAIOTCS Ha JIMCK WJIM JAPyroe YCTPOHCTBO C IPOU3BOJIBHBIM JIOCTYIIOM.

Yrobb! HE 3aHUMATHCS IPU KAXKJIOM HOBOM IIOHCKE IIPOCMOTPOM BCEro YCTPOHCTBa, yaobHee BCEro
pa3MeCcTUTh KaTaJIor B OIPEJIEIEHHOM MeCTe, HallpuMep B HadaJjie jeHThl. Hanbojiee mpocTyio, 13 N3BECTHLIX
aBTOpaM, (aitnosyio cucremy taxoro tuma umeer OC RT-116 B sroit @C, Kax u Bo Beex, 06Cy K 1aeMbIX jaJIee,
MECTO Ha JIMCKE WJIM JIEHTE BbLIeJIsIeTcs 1o Oi0KaM. Pa3mep 6/10Ka, Kak IIPABUJIO, COBIAIAET C AIMapPATHBIM
pasMmepoM cekTopa (512 GaiiT y G0JIBIIUHCTBA JUCKOBBIX YCTPOiicTB), ogHako Muorue PC MOryT uCIob30BaTh

Jlorudeckue GJOKH, COCTOSIINE U3 HECKOJIBKIUX CEKTOPOB (TaK HA3bIBAEMBIE KJIACTEDDI).

Ncnonb3oBanne 6JI0KOB U KJIaCTEPOB BMECTO aJipecallid C TOYHOCTBIO 10 baiita O6YCJIOBJIGHO JABYM<

IpruirnHaMu.

Bo mepBbIX, y OOJBITHHCTBA YCTPONRCTB IPOU3BOJILHOIO JIOCTYIIA JOCTYI ITPOU3BOJIEH JIMIIL C TOTHO-

5310 euHCTBEHHAST N3BeCTHAsS aBTOpPaM (bailIoBasl CHCTEMA, KOTOPAasl ¢ OJUHAKOBEIM YCIIEXOM HPHUMEHSIETCS KAK HA JIGHTAX,
TaK U HA YCTPOWCTBAxX C MPOU3BOJILHBIM JocTyroM. Bee 6osiee cioxkubie @O, obcykgaemMble jgajee, UCIOIb3YIOTC TOJIbBKO Ha
YCTPORCTBAaX POU3BOJILHOIO JI0CTyIa. B Harie Bpemsi Haubojiee paclpoCTPAHEHHbBIH THUI 3aII0OMUHAIOIIEr0 YCTPOUCTBA [IPOU3-
BOJIHOI'O JIOCTYIa — 9TO MACHUTHBIH MJIM ONTHYECKUil (pexKe - MArHUTOOITUIECKHUIT) JUCK, O9TOMY JaJiee B TEKCTe Mbl OyjeM

Ha3bIBaTh TaKHe yCTpOfICTBa IIPOCTO AUCKaMU — JIJIgd KPATKOCTH, XOTsA TaKO€ COKpallleHUuE U HE€ BIIOJIHE KOPPEKTHO.



8.3. ErpyKrypsr pAI.ToBsix cctEM 141

CTBIO JI0 CEKTOPA, TO €CTh HejIb3s IIPOU3BOJILHO CUUTATH WJIU 3aIlUCATh JI0O0H OallT — HY>KHO CUYUTHIBATH
WA 3alMChIBATH BECh CEKTOD NeJuKOM. VIMeHHO mosToMy B cucremax cemeiicrBa Unix Takme ycrpoiicTBa

HasbiBaioTcst 6s109abiMu (block-oriented).

Bo-BTOpHBIX, HCIO/IB30BaHNE KPYIIHBIX & PECYEMbIX €IMHUI] I03BOJISIET PE3KO YBEJIUIUTD JIPECyeMoe
npoctpancTBo. Tak, ucrosb3ys 16-0uTHBII yKa3aTesIb, ¢ TOYHOCTHIO 10 OafiTa MOXKHO aJipecoBaTh Bcero 64K,
HO €CJIM B KavIeCTBE €IMHUIILI a/I[PECAIlUN B3dATh 512-0alTOBbIi OJI0K, TO 00bEM aIPECyeMbIX TAHHBIX CMOXKET
JocTurarh 32 mMerafaiiT; ecyim 2Ke HCIOJIb30BaTh KJIACTED pPa3MepoM 32K, TO MOXKHO PabOTATh € JAHHBIMU
obbemoM 10 2 I'6. Amasorunano, 32-OMTOBBIN yKa3aTesb MO3BOJISIET JIPECOBATh ¢ TOYHOCTHIO 10 Oaiita 410
JAHHBIX, TO €CTb YK€ [1aJIeKO He KaXKJbli COBPEMEHHBII »KeCTKUH JUCK; 3aTO €CJU IIepedTu K aJpecanuu
o 0JI0KaM, TO aPECHOe IIPOCTPAHCTBO BbIpacTeT ;10 2561'0, 4TO y2Ke BIOJIHE MPUEM/IEMO TPAKTUIECKH ISt

BCeX COBPEMEHHBIX 3allOMHHAIOIINX yCTpOfICTB.

Takum obpazom, azpecalusi 110 OJ0KaM U KJiacTepaM ITO3BOJISIET UCIIOJIb30BaTh B CUCTEMHBIX CTPYK-
Typax JaHHBIX KOPOTKHE YKa3aTeJd, UTO IPUBOIUT K YMEHBIIIECHUIO 00beMa 3TUX CTPYKTYP M K CHUKEHUIO
HaKJIaTHBIX pacxonoB. [lom HaKIaJHBIMU pacXoJaMU B JJAHHOM CJIydae 0/IPa3yMeBaeTcst He TOJIBKO 0CBOOOXK-
JIeHHe JUCKOBOI'O IIPOCTPAHCTBA, HO U YCKOPEHUE JIOCTYIIAa: CTPYKTYPbl MEHBIIEr0 pa3Mepa ObICTpee CIUThI-
BAIOTCs, B HUX ObICTpee IPOU3BOAMTCs TOMCK U T.1. OIHAKO yBeJndeHne oobeMa KacTepa nMeeT 000POTHYIO

CTOPOHY — OHO IIPUBOJUT K TaK HA3bIBAEMOU BHYTPEHHEH (hparMeHTaIun.

Hampumep, Mbr 3ammceiBaeM B ailin CTpyKTypy AaHHBIX obbemom 624 Gaiira, Paiis 3TOT mMpemno-
JlaraeTcs XpaHUTh Ha ycTpoiicTBe ¢ H12-6aliToBbiM OsiokoM. B onun 010K Hair daiiyi He BJI€3aeT, [IOITOMY
HYXKHO BBIIEIATH JBa OJioKa. IIepBbIil 610K MOXKHO 3aHSTH IEJMKOM, 3aTO BO BTOPOM OJI0OKe Oy/IeT 3aHSTO
Bcero 112 Gaiit, a octapmuecs 400 6aiiT He MOTYT ObITH OTJAHBI APYTroMY (ailily U OKa3bIBAIOTCS MOTEPSAHBDI.

OTO U HA3bIBAETCH BHYTPEHHEN (parmMeHTauei.

Benuuuna mmorepb 3aBUCUT OT cpeiHero pasmMepa daiisia Ha nucke. ['pybast orieHKa COCTOUT B TOM, ITO

Ha KaxK/ bl (hailyl B CpelHeM TePsIeTCs MOJIK/IACTePa, T.€. OTHOIIEHNE 3aHSITOr0 IPOCTPAHCTBA K ITOTEPSIHHOMY
1 Nsc

2 NI
WapiMu citoBamu, moTrepu OYIyT pPaBHBI

Oymer rme N — konmvecTBO bailjloB Ha IHMCKe, S, — pa3Mep KjacTepa, a | — cpeaunii pasmep daiia.

%, T.e. OY/IyT JIMHEHO PAacTU C yBeJIMYEHUEM pa3Mepa KJlacTepa.
Korma cpemunit pazmep daiiia okazbiBaeTCss CPABHUM € pa3MePOM KJjacTepa, Halma (hopMyJia TepsieT
TOYHOCTD, HO BCE PABHO JA€T XOPOIIYIO OIIEHKY IIOPSIKa, BeJIMIHHLI HoTeph. Tak, ecin s. = [, Hama dbopmyia
naer 50 % morepb, 9TO BIIOJIHE COIJIACYETCs CO 3JPaBLIM CMBICJIOM: eCjii bailjl 4yTh Kopode KJacrepa,
TepsieTCsl TOJIBKO 3TO «UyThb»; 3aTO ecjid baityl dyThb JJINHHEE, TO JJjis HEro OTBOJUTCS JBa KJjacTepa u
BTOPO#l KJIaCTep TepsAeTcsd MOYTH BeCch. 1O4YHAsl BeJUYMHA MOTEPL Ceiivac y2Ke OIPEeJeIseTcs KOJTUIECTBOM
daitnoB, KOTOpble «4yThy JauHHee cpernero. KomuuecTBo Takux (ailjioB BOBCe HE PABHO %N , & 3aBUCUT OT

pacipeenennss paiyoB 10 JAJUHE, HO MbI IIPEIIOYNTAEM OCTABATH BBIBOJ, TOYHON (POPMYJILI JTIOOOIBITHOMY

quTaTea10.

Psan coBpemenubix (ailloBBIX CHCTEM WCIOJIB3YyeT MEXaHW3M, 10 AHTJIMMCKU Ha3biBaeMblil block

suballocation, To ectb pasmemnenne dacreit 610kK0B. B atnx @C KjacTepbl UMEOT OOJIBINONH pa3Mep, HO
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€CTh BO3MOYKHOCTH Pa3Je/INTh KJIACTEP HA HECKOJHKO GJIOKOB MEHBINEr0 pa3Mepa W 3alicaThb B 9TH OJIOKH
«XBOCTBI» OT HECKOJIbKUX Pa3HbIX dailyioB. D10, 6e3ycioBHo, yciaoxusger PC, HO MO3BOJISIET OHOBPEMEH-
HO WCIOJB30BATH MPENMYIIECTBA, CBONCTBEHHBIE U GOJIBINTNM, U MajJeHbKuM OokaM. [ToaToMy psim pacmpo-
crpanennbix OC, nanpumep daitnosas cucrema Novell Netware 4.1 u FFS (usBecrnas rtak:ke kak UFS u

Berkley FS), ncnonbsyemast Bo MHOrEX cucTemax cemeiictBa Unix, HCIOJIB3YIOT 9TOT MEXAHU3M.

Ho Bepuemcs k mpoctbiM daityioBbim cucremam. B RT-11 kaxkgomy dailiy BBIIEIsI€TCS HEIPEPhIB-
Has 00JIacTh Ha JuCKe. Bjarojgaps 3ToMy B KaTaJore JOCTATOYHO XPAHUTDL aJipec mepBoro Ojioka daitna u
ero JJIMHY, TaKxKe m3MepeHHyio B Oyiokax. B RT-11 mocrynuianm erme mporre: HOpsiIOK 3amuceil B KaTaJore
COBITQJAET C TOPsIKOM (DailjioB Ha AUCKe, U HadajaoM Qailia CIUTAeTCd OKOHYAHUE MPEIbIIyInero daiia.
CBOOOJIHBIM yYaCTKaM JINCKa TOXKE COOTBETCTBYET 3aluch B Karajore. Ilpu cozmannn daiiia cucrema uier

MIEPBLII CBOOOMHBIN yIaCTOK IOIXOISAIIEr0 pa3Mepa.

DaKTUIECKN 3Ta, CTPYKTYPpa OTJIN9a€TCsA OT d)opMaTa tar TOJILKO TeM, YTO KaTaJIoI' BLIHECEH B HaYaJIO
JHUCKa, 1 CyIIeCTBYET IIOHATHUEC CBO60,ZLHOFO yY4daCTKa BHYTpHU obj1acTu JaHHBIX. Ho sra IIPOCTasd OpraHu3alud

nMeeT O4Y€Hb Cepbe3HbIe HEJIOCTAaTKH.

1. Ilpu cosmanumn daiiia nporpaMmMa JIOJKHA YKa3aTh €ro JauHy. JacTo 970 ObIBAET 3aTPYIHUTEJIHHO,
HAIIPUMED, IIPU CO3/IaHUU 00BEKTHOIO (hailja BO BpeMs KOMIUJISIIUU ITPOIPAMMBI Ha, SI3bIKE BBICOKOI'O

YPOBHSI.

Ocobenno HeymoOHO OKA3LIBAETCS YBEIMYNBATL B pasMepe yxke co3fanubiit dain. Towumee, 310 mpO-
CTO HEBO3MOYXKHO: BMECTO Y/JIMHEHUsI CTAporo gaitjia MpUXoauTcs CO3/aBaTh (pail/i HOBOW MJTUHBI U

KOIIMPOBATH COIEPXKUMOE cTaporo daiiia B HEro.

2. Ilpu xaoTudeckoM co3maHuu U yiajieHuu (HailjyloB BOZHUKAET IIpobsemMa (pparMeHTaIrmn CcBOOOIHOTO
npocrpascrBa. Jljisi ee perieHusi CyIiecTByer crenuaibHas nporpamMva SQUEESE (cxkarh [muck]), xo-
TOpas mepenucbiBaeT Gailjapl Tak, ITOOB 0ObEJIMHUTH BCE CBOOOIHBIE (DPArMEHTBI. JTa IPOrpaMMa
TpebyeT MHOT'O BpEMEHU, OCOOEHHO It OOJIBINNX JUCKOBLIX TOMOB, U IMTOTEHIINAJIBLHO OIMACHA: €CJIA TTPU
ee UCIIOJTHEHUH IPOU30iieT c6oii cucreMbl (a ¢ MAIIMHAME TPETHErO MOKOJIEHUST TAKOe CJIy9ajioch IO

HECKOJIbKY Pa3 B JIEHb), TO 3HAUMTEIbHAS YACTh JIAHHBIX OyjleT HeOOpaATUMO pa3pyIeHa.

st Toro, 9To0ObI PEIIUTD 00 9TU MIPOOJIEMbI, HEOOXOIUMO TO3BOIUTD (haitjiaM 3aHUMATh HECMeXKHbIe
obstactu aucka. Hanbosiee mpocThiM pemnenneM 06110 ObI XPaHUTHL B KOHIIE KaXKI0r0 6/10Ka daitia ykasareib
Ha CJIEJIYIONINi, TO eCTh NPEeBPATUTD (paill B CBA3AHHBIN crincok 6Ji0koB. [Ipu 3TOM, ecTecTBEHHO, B KAaXKI0M
OJ10Ke XpaHUI0Ch Obl He H12 GailT maHHBIX, a Ha 2 - 4 OafiTa Menbire. [Ipu UncTo MoOCIEI0BATEIEHOM JTOCTYIIE
K dailly Takoe perieHue ObLIO ObI BIIOJHE MPUEMJIEMBIM, HO IIPHU IOMBITKAX PEaIN30BaTh ITPOU3BOJILHBIHI
JOCTYI BO3HUKHYT HEyIo0cTBa. BO3MOXKHO, T09TOMY, & MOYXKET U 110 KAKUM-TO UCTOPUIECKU CJIOKHUBIITAMCS

IIpuYrHaM TaKO€ DEIIEHNE He NCIIOJIb3YEeTCdA HU B O,ILHOI'71 3 N3BECTHBLIX aBTOpaM OC.

Omako, oTgacTu moxoxkee perenne 66110 peanuzoaro B MS DOS u DR DOS. 9Tu cucreMbl co3maoT

Ha jucke tabsuiy, HaseiBaemyio FAT (File Allocation Table — ra6suna pasmemnienust daitnos). B sroii
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TabuIe KakIoMy OJIOKY, TpeHA3HAYEHHOMY JIJIsT XpaHEeHUsl TaHHBIX, COOTBETCTBYeT 12-6uTOBOE 3HAYEHUE.
Ecmm 610k cBOOOIEH, TO 3HAaYeHHE OyaeT HysIeBbIM. Ecim ke OJI0K MpuHaIeKuT aiily, To 3HadeHne Oy1er
paBHO agpecy cJjenyrorero 6joka 3Toro dgaiiaa. Eciau sTo mocieqauit 6710k B daiine, To 3HadeHmne Oyaer
OxFFF. CymiecTByeT TakzKe CIenuasbHbIi Ko it 0603Hadenus maoxoro (bad) 6soka, He 9nTaeMoro mus-3a
nedekTa pu3mIeckoro HocuTe si. B kaTasiore XpaHuTCs HOMeEp mepBoro 6J1oka u JjuHa daiina, namepsemast

B OailTax.

Emkoctb ucka 1npu ucnosib3oBanun 12-6urHoit FAT okasbiaercs orpanndena 4096-to 6iiokavu (2M6),
ITO TIPUEMJIEMO JIJTST TUCKET, HO COBEPIIEHHO HE TOIUTCS /TSl YKECTKUX JUCKOB U JIPYTUX YCTPOUCTB OOBITON
emkoctu. Ha Takux ycrpoticteax DOS ucmonbayet FAT ¢ 16-6uToBbiMu semenTamu. Ha coBceM yak G0bImmx
(6ostee 32 merabaiit) muckax DOS Bbijessier npocTpaHcTBO He GI0KaMM, a KJACTePaMM U3 HECKOJIbKUX

6J10KOB. JTa, pailoBast cucreMa Tak u HasbiBaeTcsa — FAT.

Takast (baﬁJIOBaH CrucTeMa OY€Hb IIPOCTa U UMeeT O/ITHO CEPbE3HOE JJOCTOMHCTBO: BPOXKJIECHHYIO yCTOﬁ—

4yuBOCTb K c6osim (fault tolerance), Ho 06 sTOM HuKe.
B 10 ke BpeMsi OHa HMeET W Psijl CePHE3HBIX HEJIOCTATKOB.

[TepBbIii HemMOCTATOK COCTOMT B TOM, YTO MPHU KaxKJjo# omeparuu HaJl daiijaMu cucTeMa JTOJIKHA
obparrarbest K FAT. 9T0 IPUBOJIUT K YACTHIM MTEPEMEINIEHUAM TOJIOBOK JUCKOBOA U B PE3Y/IbTATE K PESKOMY
CHUZKEHUIO TTPOU3BOIUTETLHOCTH. JIeHCTBUTEIHHO, UCTIOJTHEHNE TPOrPAMMBI ar j Ha OJIHOW W TOMN Ke MAaIlliHe
o MS DOS u nion DOS-smyssiropom cucrem Unix wim OS/2 pasimvaercs: 1o ckopoctu moutu B 1.5 pasa.

OCoBEHHO 9TO 3aMETHO P apXUBUPOBAHUK OOJILIIMNX KATAJIOTOB.

Ucnonp3oBanme qUCKOBBIX K3IIel, a ocobenHo nomernenue FAT B OIepaTUBHYIO [TaMATD, CYIIIECTBEHHO

ycKopsieT paboTy, XoTsa 00bI9HO FAT K3IIUPYeTCcs TOJBKO Ha YTE€HWE PaIu YCTOWIHMBOCTH K COOSIM.

Ho 3nech Mbl craskuBaeMcs: co crerudutaeckoir mpodieMoii: uem Oosbiie IUCK, TeM OOJIbIlle Y HEero
FAT, cooTBeTCTBEHHO, TeM DosbIne HyxkHO naMsaTu: y Toma Novell Netware 3.12pasmepom 1.115 T'6aiir ¢ pas-
MepoM Kiacrepa 4 kbaiita pasmep FAT mocruraer merabaiira’. ITpm monTmpoBammm Takoro Toma Netware

saHuMaeT 1o FAT 1 KSII KaTaJoroB okojo 6 MoaiiT mamMsTu.

Jnst cpaaenusi, Netware 4 ucnosisdyet block suballocation, mosTomy TaM MOXKHO OTHOCHTE/IBHO O€3-
HAKA3aHHO YBEJNYNBATH 00bEM KJIACTEPA W HET HEOOXOJMMOCTH Je/IaTh KIacTep TakKuM MajeHbKuM. Jlist
JICKOB Takoro obbema Netware 4 ycranaBiuBaeT pa3mep kjacrepa 16 KUaobaiT, YTO MPUBOJIUT K YMEHbIIe-

HMIO BCEX CTPYKTYP JAHHBIX B 4 pasa.
[Monsitro, uTo st MS DOS, koropasi ymeer ajpecosarsb Beero 1 Moaiit (1088 kbaiit, eciin pasperien
HMA), xpaHuThb Takoil FAT B IaMsITH [EJUKOM IIPOCTO HEBO3MOXKHO.

[TosTtomy pazpaborumku dbupmbr MicroSoft morim ApyruM myTeM: OHU OIPAHUYUIN PA3PIIHOCTH

asiemenTa FAT 16 6uramu. [1pu sToM paszmep TabIuIbl He MOXKET IIPEBBIMATH 128 KOalT, 9TO BIIOJIHE TEPIIUMO.

"Jlerko nousitk, uro Netware ucnosb3yeT FAT ¢ 32-paspsamabivu astemenTamu. [Ipu 16-paspsamgaom ssnemente FAT quCKOBBIM

TOM TaKOro 00beMa, C TAKUM pa3MepoM KJjiacTepa IIPOCTO HEBO3MOXKEH.
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3aro Best paiiyioBast cCTeMa MOXKeT ObITh pa3bura ToabKo Ha 64 K 610koB. B crapeix Bepcusix MS DOS sto
IIPUBOJIUJIO K HEBO3MOXKHOCTH CO3/1aBaTh (ailjoBbie cucreMbl pazmepom bosiee 32 Mbaiit. B Bepcustx crapiie
3.11 mosiBmIaCH BO3MOXKHOCTD O0bEIMHATD OJIOKH B KjiacTepbl. Hanpumep, Ha juckax pazmepom ot 32 Mbaiir
710 64 MmbaiiT kiactep Oyzer cocToATh 3 2 6J10k0B U uMeTh pa3mep 1 kbaiiT. Ha nuckax pazmepom 128-265

MbaiiT kaactep OymeT yKe pa3mepoM 4 kOaiiTa, U T.II.

Windows 95 ucronbayer 3aluineHHbli PEXKIM IIPOIIECcopa X86, Mo3ToMy apecHoe IPOCTPAHCTEO TaM
HAMHOTrO OoJibIlle OfHOrO Merabaiita. PaspabGorukuk ¢pupmbl Microsoft pemmim BOCIIOIB30BATHCS ITUM U
peanuzoBaau sepcuio FAT ¢ 32-6MTOBBIM 3/1IeMEHTOM TabJ/IUIbI — Tak HasbiBaeMblii FAT32. OnHako AuCKOBBIi
ko Windows 95 ne crpemmiicsa yaep:karh Bech FAT B mamsaru; BMecTO 3Toro FAT KammpoBaJscs Ha OOImX
OCHOBAHWsIX, HApABHE C 0JIb30BATEJILCKUMHI JIaHHBbIMU. [10CcKOIbKY pabora ¢ daiiiamu 6oibinoro (6osbiie
OJTHOTO KJIacTepa) obbeMa TpebyeT MPOCIIeKUBAHUS IIEHOYKN 371eMeHTOB FAT, a cooTBeTCTBYyIOIUE GJIOKH
TabIUIBI MOTYT HE MOIaJIATh B KIII, TO MPOU3BOIUTEILHOCTh PE3KO maaaeT. B compoBomuTeibHOM haiiie
Microsoft nmpusnaer, uTo npoussoguTeaLHOCTE FAT32 Ha omepamusax MOCIEAOBATEIHLHOIO YTEHUSA W 3AIUCH

MOKeT OBITH B ITOJITOpPa pas3a HHKe, 9eM y KarmupoBanHoro FAT16.

Peaymzamusa FAT32 pacupocrpansiiach B suge narda kK Windows 95, no nosag ®C e BbI3Bajia SHTY-
3ra3Ma y IoJIb3oBaTesieii. ABTopaM He U3BECTHO HU OJHOIO CJIydas IPaKTUIeCKoro npumenenus: 31oit PC,

na u cama dupma Microsoft He 04eHb aKTHBHO 3aHMMAETCA €€ IIPOIBUKEHUEM.

B kagecTBe mTora MOXKHO CKa3aTh, YTO Ipu ncrnoab3oBannu FAT Ha 6OIBITIX JUCKAX MBI BBIHY 2K I€HBI
JleJIaTh BBIOOD MEXKy HU3KO IIPOM3BOAUTEIbHOCTHIO, UYAOBUIIHBIMU 110 COBPEMEHHBIM MepPKaM TpeOOBaHuU-
sIMH K OIIEPATUBHON MMaMsTH WU OOJBIIAM PasMepOM KJIacTepa, KOTOPbIA IPUBOAUT K OOJIBIIMM IIOTEPSIM

n3-3a BHyTpeHHEN dparMenTaiuu.

Hanpumep, y 0HOrO M3 aBTOPOB Ha JIOKAJBLHOM JucKe eMKocThio 210 Mbaiit (kiacrep 4 kbaiira)
Tepssioch okosto 10 M6aiit, T.e. okoso 5 % emkocru jaucka. Cpennuii pasmep daiina 6uur okosno 20 kGaiiT B
OCHOBHOM 3a cYeT makeTa em TeX, KOTOPBII COMEPKUT HECKOJBKO COTeH KOPOTKUX daitnos. Ilo mpupemenHOM
B HaJajie 3TOro MyHKTa (POpMyJie MOXKHO OIEHUTH, UTO MPU TOM 2Ke CpeiHeM pasmepe daiiia Ha IucCKe

emkocTbio 1 I'GaiitT Tepsinocsk 661 40 % mpocrpancTsa. . .

Hy»xHo ormeruTs, BripodeMm, aTo 6oJjiee XapaKTEPHBII cpe/iHnil pa3Mep aiiia Ha COBPEMEHHBIX TIepP-
conaJjikax Ojimke K 64 - 128 kbaiitam, 103TOMy OTEPHU B OOJIBIIUHCTBE CJIYyYaeB HE TaK KaTacTPOUIECKH Be-
sukn. Ha rurabaiiTHom pas;iesie 6yier, TakiuM 00pa3oM, TepAThCsl «BCEro JHIIb» 0KoJo 10 %. JleficTBurensHo,
pasMep Kjacrepa paBeH 16 kbaiiram, u morepu o Harueii popmyste 6yayr 16K /264K = 1/8 = 0.125 ~ 0.1.
Ho na jnucke oobemom 4 I'Gaiita Mbl onsiTh 1mostydaem okosio 50 % morepn!

[Ipu coBpeMeHHBIX TeMITaX PA3BUTHUS JIEKTPOHUKH U 118 I€HUs II€H HA Hee YeThIpexrurabaiiTuble Juc-
KU JIJIsI TIEPCOHAJIOK CTAHYT B OJIMKAMIINEe HECKOJIBKO JIET PeaJbHOCTHIO. A eClM yIecTh CKOPOCTb pOCTa
pa3MepoB KOMMEPYECKHUX MPHUKJIAIHBIX Hporpamm (mporpammbl 3 makera MicroSoft Office sanmmator mo

HECKOJIbKY JIECATKOB MerabaiiT KaxK/asi), TO TaKUe JUCKU OBICTPO CTAHYT OCTPO HEOOXOMMBIMU.

B cBere Bcero sroro ciiokHO ompapiarh perienue ¢pupmbl MicroSoft ucnosnbzosats B HOBOit OC



8.3. ErpyKrypsr pAI.ToBsix cctEM 145

Windows 95 crapyio daiinoByio cucreMy ¢ HEGOJBIMUMI U3MEHEHUSAME JJIs IOAAEPKKY JJINHHBIX UMeH (aii-
JioB. Benb my1st adpdexkTuBHOrO yiipapieHus OOIbIIIMI 00beMaMi JAHHBIX HEOOXOINMO 9TO-TO D0JIee CJI0XK-

Hoe, uem FAT.

8.3.2 «CiioxkHbIe» ¢ailjioBble CUCTEMBbI

CTpyKTypBI «CJIOXKHBIX» (DAMJIOBBIX CUCTEM OTJIMIAIOTCS OOJIBIIIMM PA3HOOOPA3UEM, OJHAKO MOXKHO BbIJICJIUTH

HECKOJIBKO OOIIUX ueil.

O06BIvHO aiioBasi cuCTeMa HAYMHAETCS C 3ar0JIOBKA, WJIM, KAK 9TO HAa3bIBAETCS B CHCTEMAax CeMeli-
crBa Unix, cynep6Jiioka (superblock). Cynep6iiok xpanuT uHMOPMAIHMIO O pasMepax JUCKOBOIO TOMA,
orBesernnoro noj PC, ykazarean Ha HavYaIa CUCTEMHBIX CTPYKTYP JAHHBIX U JAPYTYIO HH(MOPMAIINIO, 3aBUCSI-
myto or turna PC. Hampumep, [y CTATHIECKUX CTPYKTYP MOXKET XPAHUTHCA UX pasmep. JacTo cyrnepO/ioK
COIEPXKUT TaKyKe€ MarmvdeckKoe UHCJIO — HIeHTHdUKATOp Thla (ailyloBoil cucreMbl. AHAJOD CynepOIoKa

cymecrByer naxke B FAT — 9710 Tak HasbiBaeMmast 3arpy3odHasi 3anuch (boot record).

[IpakTuaecku Bce coBpeMentble OC pas3IessitoT CIIICOK CBOOOIHBIX OJIOKOB U CTPYKTYPBI, OTCIEKHU-
BaoIue pasmerienne daitos. Haine Bcero BMECTo crncka cBOOOMHBLIX OJIOKOB HCIIOJIb3YETCsl OUTOBast KapTa,
B KOTOPOii KazK10My GJIOKY COOTBETCTBYET OJIUH OUT: 3aHsT/cBOOO/IEH. B CBOIO 0Uepe/ib, CIIUCOK OJIOKOB JIJIst

KaxK70ro (aiina oObIYHO CBA3AH C yIPABJILAONIEH CTPYKTYpoit daitia.

Ha mepsblit B3I, TAKYIO CTPYKTYPY KaXKeTCsd eCTECTBEHHBIM XPAHUTh B KATAJIOre, HO UX OOBIYHO
BBIHOCSIT B OTJEJIbHBIE CTPYKTYPbI, 9aCTO COOpaHHbIE B CIIEIAaIbHbIE TabJIUIIBI onrcaTe el paitioB — TabIUILy
nHOoa0B, meTadaiisi u T.;1. Takoe pereHne yMeHbIIaeT 00beM KaTajora u, COOTBETCTBEHHO, YCKOPSAET ITOUCK
daiira o umern. K romy ke muorne @C copTUPYIOT 3allCH B KaTaJIore 110 UMEHN Qaiijia, TaK»Ke C IeIbI0
YCKOpeHHs 1oucka. [[oHATHO, 9T0 COPTHPOBKA 3aIlMCeil MEHBIIEro pa3Mepa IIPOUCXOIUT ObICTPEe.

B daiiosoit cucreme HPFS, ucnonszyemoit B OS/2 u Windows NT, kaxkjas 3amuch B KaTajore COIepKUT

ums daiina u ykasaresib na fnode (daitnoByro 3amucs). Karasoru B s1oit @C opranuszosansl B Bujie B-zepesbes u

OTCOPTUPOBAHBI 110 UMeHAM (aiiIoB.

DaiiyioBast 3aIKMCh 3aHUMAET OAUH OJIOK HA JIUCKE U COAEPXKUT CIIMCOK TaK HA3bIBAEMbIX extents («pacmim-
penuii» )®. Kaxp1it 9KCTEHT ONUCHIBACT HENTPEPLIBHYIO TIOCIIeI0BATEIBHOCTD JTHCKOBBIX GJIOKOB, BLICJEHHLIX (haily.
OHn 3a/1aeT HAYAJIBHBIN OJIOK TaKO#l II0C/IeI0BATEILHOCTU U €€ JUINHY. BMeCTO cucKa CBOOOTHBIX BJIOKOB HCIIOJIB3YETCs

6uToBas KapTa JUCKA, B KOTOPOil KaxK10My OJIOKY COOTBETCTBYET OJUH OUT: 3aHAT,/CBOGOIEH.

Hy)KHO OTMETUTDH, 9ITO nJed IKCTCHTOB JJaJICKO HE HOBa: aHAJIOTUIHAsA CTPYKTYpa UCIOJIB3YETCA B HEKOTOPBIX

Bepcusax Unix ¢ magana 80-x romoB, a UCTOKU ITOH ujaen TepsaioTcs B riryouue 60-X.

DaiiioBast 3aIUCh PA3MEIIAETCsl TIepe] Hada oM IIepBOro IKCTeHTa baitia, XoTs 310 u He obs3areabHo. OHa
zanuMaeT oquH 6siok (512 GaiiT) u MOXKeT cozep:KaTh JI0 JecdaTH ouucareseil skcrenToB. Kpome Toro, ona conepxkut

urMOPMAITIIO O BpeMeHH co3/1aHns daiija, ero IMeHI I PACIINPEeHHbIX aTpubyTax”. Eciu /s CIIcKa 9KCTEHTOB

8V sTOro TepMEHa HET IPHEMIEMOrO PYCCKOro amajora. B mepesomax moxymentammn mo OS/360 (OC EC) tak u mucasm:

9KCTEHT.

Tloapobree 0 pacIUpeHHLIX aTpubyTax cM. B paszene 8.1.3.
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1M paCIuPEeHHbIX anI/I6yTOB MeCTa HE XBaTaeT, TO JJId HUX TaK2Ke BBIAC/IAIOTCA IKCTEHTHI. B sTom CJIy4dae 39KCTEHTbI
pasMeniarTcd B BUJIe B—,aepeBa JJId YCKOPEeHH A IO CKA. MaxkcumasibHOE KOJIMYECTBO 9KCTEHTOB B cl)af/'me He OI'paHNY€HO

HUYeM, KpOMe pa3Mepa JUCKa.

[Tosnp30oBaTesbcKas MporpaMMa MOXKET yKa3aTb pa3mep daiia mpu ero cosjganuu. B arom ciaydae cucrema
Ccpas3y IMONBITAETCS BBIIEJUTH MECTO o (ail Tak, 9ToObI OH 3aHMMAJ KaK MOYXKHO MEHBIIE 3KCTEeHTOB. Ecau mpo-
rpaMma He coobimmiia pa3Mepa daiiia, ucrnonb3yercs 3uadenue 1o ymoraanuio. Pakruaecku, HPFS pasmeraer mecto
nox daiin o npuanKy worst fit (HanMeHee MOAXOASAIIErO), HAYNHAS BBIJETIEHNE ¢ HAUOOIBIIETO HEITPEPHIBHOTO
y4acTKa CBOOOJHOIO IpocTpaHCcTBa. B pesysbrare (pparMeHTHPOBAHHBIMU OKA3bIBAIOTCSI TOJBKO (ailjibl, JJIMHA, KO-
TOPBIX YBEJMYUBAJIACH BO MHOTO IIPUEMOB WJIA K€ T€, KOTOPbIE CO3/IaBAJINCH IPU MTOYTH 3aIMOJHEHHOM mucke. [lpu

HOPMAJILHOU pabore daila peako 3annmMaeT OosibIine 3 - 4 IKCTEHTOB.

Emé ommo mrobomsiTHOE mocaencTBue crparernn worst fit 3akiogaercs B ToM, 9T0 TPOCTPAHCTBO, OCBOOOXK-
JIeHHOE CTePTHIM (hbailjioM, OOBITHO UCIOIB3YeTCs He cpaly. OTMeda nch ciIydan, Korja (hailil Ha aKTUBHO UCIOIb3Ye-

MOM JHUCKE y/TaBaJIOChb BOCCTaAHOBUTH Y€pe3 HECKOJIBKO ﬂHeﬁ IIocJjie CTUpaHud.

DKCTEHTHI OTKPBITHIX (DailyIoB U KapTa CBOOOIHBIX OJIOKOB BO BpeMsi paborel paszmeraiorcss B O3V, mosromy
npoussoauTessHocTh Takoii @C B GosbiinHcTBe curyanuit Hamuoro (B 1.5 - 2 pasa u Gosiee) Boiue, yem y FAT Ges

K3IIIa, [IPU BIIOJHE TPUEMJIEMbIX TPEOOBAHUAX K MAMITU U pasdMepe Kjacrepa 512 Haiir.

[TougarHO TakxXKe, uTo crpyKTypa HPFS ynpomaer npousBosbHBIN q0CTyT K (ailly: BMECTO NMPOCIEKUBAHUS
[ENOYKU OJIOKOB HAM HYYKHO ITPOCIEIUTH TEMOYKY 9KCTEHTOB, KOTOpasi ropas3jio KOpoJe.

Bosee noapobHoe omucanue crpykrypbl HPFS MoxHO Haiitu B crathe [16]. Cpeau moabsosareseir OS/2 cun-
TaeTcs 1eJ1ecoodpa3HbIiM (POPMATUPOBATEL BCe pasiesbl eMKocTbio bosiee 128M mox HPFS, mockosibKy mmpu 5TOM BbI-
UTPBIBAETCST KaK CKOPOCTh, TaK U 3P (HEKTUBHOCTH HMCIIOJIB30BAHUSI JTUCKOBOIO IMPOCTPAHCTBA; KPOME TOTO, UCUE3aeT
HEOOXOIMMOCTD B JlehbparMeHTAIIH U MTOSIBJISIETCST BO3MOXKHOCTD CO3/IaBaTh (DAMJIbl M KATAJIOIH C JVINHHBIMUA UMEHAMH,

HE YKJIAJBIBAIOIIIMICS B MoJesih 8.3, npunstyio 8 MS DOS.

Ho 3a 5Tu IpenMyIiecTBa IPUXOANTCS IJIATHTH HeycToiunBocTeio K cbosm!?. B ormmune or JJOC,
CIIOHTAHHBIE Pa3BaJIbl CHCTEMBI C TI0CIeyomuM 3apucanneM B OS/2 cirydarorcsi OTHOCUTENBHO PEJIKO, JlazKe
[IPU 3aILyCKe IPOTPAMM, 3aBEJIOMO COJIEPKAIMX OIMMUOKK (KakK Ipu pa3paboTKe WM TECTUPOBAHUY TIPUKJIAI-
HOTO IporpamMMmuoro obecriedennst). C npyroif CTOPOHBI, HA PAKTUKE «HEYCTONYUBOCTL» MPUBOIUT JIUIIHL K
TOMY, UTO ITOCJIe ABAPUIHON Mepe3arpy3Ku aBTOMaTHIeCKHU 3alycKaercs nporpaMma nounaku PC, aro yse-
JITIUBAET BPEMsl [I€PE3arpPy3Ku B HECKOJILKO Pa3; PEAIbHBIN K€ PUCK MOTEPSTh JAaHHbIE Ipu cboe He BBIIIE,
a Kak I[MOKAa3bIBaeT MPAKTUKA, JayKe CYIIEeCTBEHHO HIKe, YeM Ipu ucnojb3oBanuu FAT, mosTomy urpa sBHO

CTOUT CBeEY.

Haubosee uarepecua crpykrypa daitiosbix cucrem B OC cemeiictBa Unix. B stux ®C karasnor ne
COIIEP>KUT IOYTH HUKakoil madopMamun o daiiie. Tam XpaHUTCs TOJILKO nMsl daiiyia 1 HOMEDP €ro MHOAA
(i-node — no-BugmMomMy, cokpairenue ot index node: uHekcHast 3anuck). UHoabr Beex daiiios B gannoit OC
coOpaHbl B TabJIMILy, KOTOpasi TaK U Ha3bIBAETCs: TabIuIa NHOAOB. B pannux Bepcusx Unix Tabimiia WHOIOB
3aHuMaJIa (PUKCUPOBAHHOE IIPOCTPAHCTBO B HadaJjle YCTPOICTBA; B COBPEMEHHBIX (DailIOBBIX CHCTEMAaX 3Ta

Tabuiia pa3duTa Ha YIACTKH, PACIPE/IETEHHDIE O JUCKY.

10TIpo6iema yeroitamBocTH K CHCTEMHBIM cO0siM 00CysKaaeTcss B paszeie 8.4.



8.3. ErpyKrypsr pAI.ToBsix cctEM 147

Hanpuwmep, B daitnooii cucreme BSD Unix FFS (Fast File System — 6bicTpas daiisioBast cucrema), Koropast B
Unix SVR4 naseiBaetcst ipocro UFS (Unix File System), juck paséur Ha rpynns! nuimHpos. Kaxast rpyna muimH-
JIPOB COIEPZKUT KOITUIO CyIIepOJ/IoKa, ONTOBYIO KAPTy CBOOOIHBIX OJIOKOB JjIsl JJAHHOI'O YIaCTKa W TAOJIUILy WHOJOB JJIsi

dailsioB, pacloIOKEHHBIX B IIPEe/Iax ITOr0 yJIacTka. lakas pacrupeeseHHas CTPYKTYPa MMeeT JIBa MIPEUMYIIeCTBA:
e YCKOpEeHHWe JIOCTyla K CHCTEMHBIM CTPYKTypaM JaHHbIX. Korjga cucTeMHbIe JaHHBIE PACIOJIOXKEHBI BOJIU3U OT
GJIOKOB II0JIB30BATEIbCKIAX JTAHHBIX, YMEHBIIIAETCA PACCTOSTHUE, HA KOTOPOE MIEPEMEIIAIOTCS TOJIOBKU JIMCKOBOIA.

o IloBbimennasi ycToM4InBOCTD K cO0stM HOcuTesist. [Ipu moBpesk/ieHnn y9acTKa TIOBEPXHOCTHU JIUCKA TEPSETCH TOJIb-
KO HeDOOJIbINAasl 9acTh CUCTEMHBIX JaHHLIX. Jlaxke morepst cymepbJioka He TPUBOJIUT K IOTEpe CTPYKTYPHI (hai-

JIOBOII CHUCTEMBI.

Nuon  xpanur  wndopmarumioo o camoMm  aiisle u  ero  pa3MelleHWH ~— Ha  JIUC-
Ke. Nudopmarmonnas 4acThb UHO/1A MOZKeT OBITH IoJIy4eHa CHCTEMHBIM BBI30BOM
int stat(const char * fname, struct stat * buf);. @opmar cTpyKTypbl stat ommcan BO MHO-
rux pykosogcTBax 1o s3biky C, OC UNIX u crangapry POSIX, manpumep B pabore [12]. Dra crpykrypa

COAECPZKUT:

tun daiisna. Vcciemys 310 1mojie, MOXKHO TOHSITh, SIBJISETCS JAHHBI 00beKT (hailjloM JAHHBIX WU CIEIH-

aJIbHBIM (baitiioM. B 5ToM 2Ke 1oJie 3aKOAUpOBaHbI IIPaBa J0CTyIa K (ailry;
nAeHTUUKATOPBI X03dnHa (ailjia 1 rPyIbl, K KOTOPOW XO3sIUH MPUHAIJICXKHAT;
BpeMeHa:

e cosnanus gaiia,
e rociegHel Moandukamun daiiia,

® I[IOCJIEIHEr0 J0oCTyIa K daitty;
nauny daiina. s crennaabHbix HailjioB 3TO MOJIE YACTO UMEET JAPYToil CMBICI;
naeHTUUKaATOp HaAJIOBOII CUCTEMBI, B KOTOPOl pacIooxKeH (aii;

KOJIMYECTBO CBA3eil aiiyia. ITo 1oJie 3acyKUBACT OTIEIBHOTO 00CYKIECHUS .

CrpykTypa, onucbiBaorias (pu3nIeckoe pasMmelnenne daiiyia Mo JUCKY, HEJOCTYIHA 0JIb30BaTe b=
ckuM mporpammam. CoberBeHHO, hopMaT 3TOH CTPYKTYypPhI MOXKET ObITh He O4YeHb djieranTeH. Hampumep, B
daiioBoii cucreme Veritas 3To cucok 3KcTeHToB, noxoxkuii Ha HPFS; B daityioBbix cucremax s5, Xenix u FFS
3TO MaccuB u3 13 Uuces, 3aIa0Iux HOMepa dusndeckux 0JI0koB (daitia. Eciu daitn B sb comepxkut 6osee
Jiecsitu 6JI0KOB (T.e. ero JymmHa Gosiblie 5 KOaiiT), TO mperocyeHie TpU yKas3aress 0003HAYaT He 6JI0KN
JIAHHBIX, & TaK Ha3blBaeMble KOCBeHHbIe 0J10KM (indirection blocks), B KOTOPBIX XpaHsITCsI yKa3aTe/ I Ha

ceyroniue OJI0KH JIAHHBIX U, BO3MOXKHO, HA CJIEIYIOIINEe KOCBEHHbIE OJIOKM.

Hauboee nHTEepeCHasd ocobennocTb Unix-oBbix @C cocrouT He B 3TOM. BHUMATEILHBIR quTarTe/Ib,

BO3MO2KHO, 3aM€TWJI, 9YTO HHOJ HE€ COJCP2KHUT MMEHHU (bafma. C ILPYFOfI CTOPOHDBI, OH COJEP2KUT CYETYUK
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cBa3eii (links) — ccputok Ha sTOT daiin u3 karasoros. T.e. HA OJUH U TOT Ke WHOJ MOXKHO CCBLIATHCS U3

Pa3/IMIHBIX KaTaJIOI'OB HUJIM U3 OJHOT'O KaTaJiora I1oJ Pa3/IMYHbIMA UMEHaMU. NubiMu CJIOBaMH,
OAVH 1 TOT 2Ke (baf'm B 3TuX ®C MO>KeT mMeTh HEeCKOJIbKO Pa3/INIHbIX UMEH.

NmeHHO 9TO M MMeJIOCh B BHUJLY, KOIJa MOBOPUJIOCE, dTo cTpyKTypa KartajgoroB B OC UNIX me obsizana siB-

JIATBCA IEePEeBOM.

D10 CBOICTBO IpegoCTaB/IdeT HEOIIEHUMbIE BOSMOXKHOCTHU JIJIsI OpraHU3allui ne€papXnun KaTaJoros, HO

nMeeT U HEKOTOPhbIe O60p0THbIe CTOPOHBI.

1. Co3anne HECKOJIBKUX CBSI3€l JJIsi KATAJIOa IIOTEHIINAIBHO OMACHO — OHO MOXKET IIPUBECTU K BOSHUKHO-
BEHUIO KOJIBIIA, B KOTOPOM KATAJIOT SIBJISIETCS CBOUM COOCTBEHHBIM MOJIKATAJIOrOM. OTC/IEKUBATH TAKYIO
CUTYaIUo cJIOKHO, moaTomy paspaborankun OC UNIX zamnperusn co3maBarh JIOMOJHATEIBHBIE HMEHA

AJId KaTaJior'OB.

2. VYnanenue daiina mpeBpariaercs B IpodjeMy: 9To0bl yaaanTsb aiiyi, HyKHO IIPOCJIEIUTD BCE €r0 CBI3U.
ITosromy UNIX He umeer cpencTs st yaaienus (aiia, a uMeeT TOJbKO CHCTEMHBIH BbI30B unlink —

yIauTh ¢BA3b. Korma y daiina He ocTaercs: CBs3ell, OH ACHCTBUTE/IBHO YIAJIIETC.

DTOT MOJXO BIIOJIHE pa3dyMeH, HO TaKXKe HMMeeT HEOXKUIaHHYI0 0O0POTHYIO CTOPOHY: ITIOCKOJILKY Telleph
crupanne gaiijia — 3To olepalus He HaJ, ailioMm, a HaJ KaTajJoroM, To JJad yaajienus: cpaiijia He
HY>KHO MMeTh HUKAKNX NPaB JOCTyHna K HeMy. /locTaTo4yHO nMeTh NpaBo 3al0lCH B KATAJIOT.
OHO U3 caMbIX HEINPUATHBIX IOCJIEJICTBUII COCTOUT B TOM, YTO HEJIb3s 3aIllUTUThL WHIUBHLYaJIbHBIA
daitn or cTupanus: 10O BBl 3aKphIBaeTe Ha 3allCh BECh KaTajlol U HEe MOKeTe HU yIAJUTh B HEM
Jii000it ipyroii daiiyi, H1 co37aTh HOBBIN; JUOO BB OTKPHIBAETE €0 HA 3AINChH U TOTIA MOYXKETE CTEPETH

BAIII JParoleHHbli (haila mo ommubdKe.

3. Takue cBsi3u (Ha3bIBAEMBIE €IIIE HCECTNKUMU CBA3SMH), KaK JIETKO MTOHSATH, MOTYT CO3/IaBAThCsI TOJBKO
B IIpe/iesiax OJHON (hailjioBoli cucTeMbl, MOCKOIbKY Kaxjaasd PC nmeer cOOCTBEHHYIO TAOJUILy UHOJOB,

U COOTBETCTBEHHO COOCTBEHHYIO UX HYMEPAIIHIO.

[ToceHee 06CTOATETHCTBO PE3KO YMEHBITACT TMOJE3HOCTD KECTKUX CBsI3eil JIJIsT OPTaHU3aIIN Hepap-
XUU KaTaJoroB. dra npobsema Oblia oco3Hana eie B 70-e Ir., 1 mporpaMMucTbl u3 rpyiinsl BSD npugymasim

NHTEPECHOE HOBOE IMOHATHE — CUMBOJJIMYECKYIO CBA3b.

CuMBoJsIm4ecKasl CBsI3b IIPEJCTaB/IsieT coboil crenuaabHbli daitil. BMecTo 6/I0KOB JTaHHBIX MHOJ Ta-
KOro (ailjia Comep:KUT TEKCTOBYIO CTPOKY — UMSA M020 Patiig, ¢ KOMOPuM CO30GHA C8A3b. ITO MOKET OBIThH
daiin Ha apyroit daitoBoil cucreMe, B TOM YHC/IE U HA TAKOI, KOTOpas caMa 10 cebe He MOIJIePKUBAeT HU
JKECTKMX, HU CUMBOJIMYECKUX cBsizeit, Hanpumep, FAT, HPFS wmu daitnosom cepsepe Novell Netware. Tako-
ro ¢raitsia MOXKeT 1 BOOOIIE HE CYIEeCTBOBATD, HAIIPUMEP IIOTOMY, YTO €0 y2Ke YIAJIUIU, WU ITOTOMY, ITO

daiisioBasi cucremMa, B KOTOPOil OH HAXOAUTCS, HE CMOHTUPOBAHA, WX IIPOCTO MIOTOMY, UYTO UMsI ObLIO 3aJ1a-
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HO HEIIpaBHUJILHO. TOF,ILa IIOIIBITKU OTKPBITH CUMBOJIMYIECKYIO CBA3Db 6y,D;YT 3aBepHIaTbCA HEYCIIEXOM C KOJIO0M

ommbKkn «@aiiaa He CyIEeCTBYET>.

E,ZLI/IHCTBGHHI)IM HeJOCTaTKOM CHUMBOJIMYECKUX CBsI3ell dBJIsIeTCs UX OTHOCUTEJbHO HU3KAasl ,Z(ypaKO—
ycroituuBocts (fool-tolerance): rynblit nob30BaTE/ b MOKET HE PACIO3HATH CUTYAIIUMH, KOIJIA CUMBOJIU-
JeCKad CBA3b yKaBbIBa,eT B HI/IKy,ZLa BaTO OHU O6eCHqu/IBaIOT HOJIHyIO CBO6OILy B pasMenIieHU 1 UTMCHOBaHUN
daitmos.

[Ipumep u3 xku3am: Ha ayx Unix-cucremax ¢ umenamu orasrv u Indy yCTAHOBJIEH OMH U TOT K€ IIPOrPaMM-
HbIA mpoayKT: pegakTopHas cucrema GNU Emacs. Bunaphbie 3arpy30odnble MOAYJIN JJIs 9TUX CUCTEM Pa3IMYarOTCs,
HO Oosbiiasi yacTh Emacs — sro daiter mHa s3pike Emacs Lisp, KOoTopbie ¢ OMHAKOBBIM yCIIEXOM MOTYT HCIIOJIB30-
BaThCca obemmu cucremMamu. [losroMy y agMuUHHCTPATOPA CHCTEMBI BO3SHUKAET KEJIAHNE HCIIOJIb30BATH OJIHY KOIUIO
lisp-daiinos.

IIpu sToM Emacs ycramoBmen TakuM o0Opa30oM, dUTO OH WINET BCe CBOW lisp-dailiibl B KaTaJjore
/usr/local/lib/emacs/19.27/1isp. lI3meHeHne 3TOr0 Karajgora HOoTpeOOBaJIO OBl YACTHYHON II€pEeyCTAaHOBKH IIPO-
nykra. Ho ero #e Hao MeHsiTb! MBI TPOCTO MOJMOHTHPYEM Ha MAIIMHE orasrv Karajgor / MamuHbl Indy Kak /fs/Indy,

1 UCIIOJIHAEM CJICAYIOIne KOMaH/IbI:

IIpumep 16

cd /usr/local/lib/emacs/19.27 # mepeliTu B 33[aHHHM KaTaNor
rm -Rf lisp # cTepeThb KaTallor 1lisp CO BCEM COIEDXUMBIM
1n -s /fs/Indy/usr/local/lib/emacs/19.27/1lisp lisp

# co3maTh CHMBONMYECKYH CBA3b C HMMEHEM lisSp C COOTBETCTBYKIUM

# xaTtamoroM Ha MammHe Indy

Best onepaninsi BMecTe ¢ ee IUIAHMPOBAHUEM 3aHUMAET OKOJIO JABYX MHHYT. OcBobOXKmaercs okoso 9 Mbaiir

JIMCKOBOT'O ITpocTpaHcTBa. Emacs Huyero He 3ameuaer, u paboraer 6€3 BCIKUX IIPOOJIEM.

Yepes Heesno y aJIMIHICTPATOPA BO3HUKAET HJIesl, ITO JJIsT YI00CTBa aMUHIUCTPUPOBAHUST HEILJIOXO OBLIO OBl
MOHTHPOBATH C orasrv He Bcio dailioByio cucreMmy Indy, a TOJIBKO ee KaTajor /home. 3a 4eM JIeJI0 CTaJIO: IEPEHOCHM
na Indy karasor lisp B karajor /home/emacs/19.27/1lisp; co3maeM B CTapoM KaTaJjore CUMBOJIUYECKYIO CBS3b C
HOBOI; peflakTupyeM daiin /etc/mnttab Ha MalIuHe orasrv Tak, 4Todbl ¢ Indy MOHTHPOBAJIACH TOJIBKO /home; MeHsieM
CHUMBOJINYIECKYIO CBsI3b KaTajiora 1isp Ha MamnHe orasrv. 3aCTaBjIsieM Orasrv [IOJIMOHTHPOBATH JINCKH B COOTBETCTBUN

¢ HOBbIM /etc/mnttab. ['oroBo.

Omneparust 3aHUMAET 9yTh OOJIBINE JBYX MHUHYT, [IOTOMY YTO HY?KHO IIEPEHOCUTH JIEBATH MerabaiiT ¢ OJHOIA
daitosoii cucrembl Ha Apyryo. Emacs onars Hudero e 3aMedaer u cHOBa paboraeT 6e3 BesSKUX mpobem. AjMuHu-
CTPATOP CYACTIUB. Bee JOBOIBHEL.

CpaBHHUTE 9TO ONKMCAaHWE C BIIEYATIEHUSME I10JIb30BaTe/ s, KOTOPBIA IbITaercsi nepemecturhb ¢ ogroro JIOC-
oBCKOro JpaiiBa Ha japyroi naker CorelDRAW! uiu mobyio apyryio mporpaMMmy, KOTOpas IIPU YCTAHOBKE 3AITMCHLIBAET

B CBOIO KOHCI)I/IpraL[I/IIO IIOJTHOE MM KaTaJiora, B KOTOprfI ee CTaBUJIH. . .

CuMBOJIMYECKHE CBSI3U YHUKAJBHBI i cucteM cemeiictBa Unix. Hanmporus, SKBUBaJIEHTHI XKECTKUX
cBszeii cymecTByioT B Apyrux OC. @akTuvyeckn }KeCTKUE CBI3U MOXKHO co3/1aBaTh B Jitoboit PC, rie karagorun

comepzKaT CCbLJIKM Ha IMEHTPAJIM30BaHHYIO 6&3}7 JaHHBIX BMECTO CaMOTI'0 JICCKPHUIITOPA (baﬁﬂa.
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Hanpuwmep, B daiiosoit cucreme VAX/VMS nanubie o pasmernennn (ailioB Ha JUCKe XPAHATCSA B
crienuaibHOM MHAEKCHOM (index) daiisie; KaTagorn ke XpaHsaT TOJbKO MHJIEKCHI 3amuceil B 9ToM daiie.
OcHoBHOE OTyITYKE TOH CTPYKTYPHI OT NpUuHATONH B UniX cOCTOUT B TOM, YTO BMECTO CTATUIECKOH TabJIUATIBI
nn Habopa TabJ U UCTOTB3YEeTCsT THHAMUIecKas TabJIuIa, MTPOCTPAHCTBO TOJT KOTOPYIO BBIIEIISIETCST TEM JKe
METOZIOM, UTO U JJIS IOJIb30BATE]LCKUX (PailjioB. DTOT XKe IOAX0J peaan3oBad B daiiyiosoii cucreme NTFS,
ucnosb3yemoii B Windows NT, Ho tam nnjekcHbil daiin HasbiBaercs metadaitsiiom (metafile). Heckonbko

6outee o IpobHOe onucanue crpyKrypsl NTFS npuomurest B crarbe [17].

VAX/VMS u Windows NT mo3BoisitoT co3aBaTh JONOJHATEIbHBIE UMeHa st (aiiios, xors B VMS
yruaThl HounHkr OC BRIIAIOT IpeaypeskIeHne, OOHApyKUB TaKoe JOMOJTHUTE/IbHOe nMsi. Bece nmena daii-
sa B arux OC 06s13aHbI HAXOIUTHCS B OJHOM (haitioBoil cucreme. Kpome Toro, omeparust yiaajieHus: gaiiia
B VMS Bener cebst He Tak, Kak B Unix: IprMeHeHUe Olepanyy yaajeHus K JO0MYy U3 UMEH IMPUBOIUT K

yIaJIEHUIO caMoro aiiyia, Jaxke ecju CyIIeCTBOBAaIN U APyTrue MMeHa.

8.4 VYcroitunBocth ®PC K coogam

8.4.1 VYcroiuuBOCTHL K COOAM IMUTAHUA

CaoiicTBo ycToiiynBocTu K cbosim nmuranus (power-fault tolerance) siBiisiercst 0/1HO# 13 BazKHBIX XapaK-
TepucTuK (HaityioBoit cucrembl. CTPOro TOBOPs, UMEETCS B BUJLYy YCTOWYMBOCTH HE TOJBKO K COOSIM MUTAHUS,
HO ¥ K J1I000# cuTyaruu, npu Koropoii pabora ¢ @C upekpaiaercs: 6€3 BBIITOJTHEHUS OMEPAINA PA3MOHTH-
poBanus. [losromy npasubHee 66170 OBl TOBOPUTH 00 YCTOWYUBOCTH K JIIOOBIM COOSIM CHCTEMBI, & HE TOJHKO

IINTaHMA.

C apyroii CTOPOHBI, €CJIU TMOBOPUTH MPOCTO 00 «yCTOMYUBOCTH K COOSIM», BOSHUKAET HEIPUSTHAS
JIBYCMBICJIEHHOCTB. 1loJ1 yCTONYMBOCTBIO K COOSIM MOXKHO ITOHHUMATDH YCTONYMBOCTH K COOSIM BCEWl CHCTEMBI,
HaIIpUMeEpP, K TeM 2Ke COOsIM IMUTAHUs, & MOYKHO IIOHUMATh YCTONINBOCTD K JiedpeKTamM PU3nIECKOro HOCUTEIS,
KOTOpbIE MOTYT IIPHUBECTH K IIOTE€pe JacTH JaHHBIX Ha JucKe. Bropas mpobiiemMa Tak»Ke JIOBOJBHO CJIOXKHA,
HO oHa 00cykmaercs B pazzene 8.4.4, a ceitgac Mbl Oy/1eM TOBOPUTH TOJILKO O IIEPBOi Ipob/ieMe, HA3hIBAs €€

IIPOCTO «yCTOfI‘IHBOCTbIO» JJ1d KPATKOCTH.

Ha camom nente, Heoxkuganuoe mpekpaiierue paborsel ¢ @C MoxKeT Tpou30iiTH HE TOJIBKO npu cboe

UTaHWusA, HO W IIPDU:

® U3BJIEUEHUU HOCHUTENS U3 JIUCKOBO/IA (TIOIpOOHee 00 9TOM CM. HUXKE);
e nakarun KHONUKM RESET meTepIlie/iluBbIM IOJIb30BaTEJIEM;
e daraabHOM ammapaTHoM cboe;

® alllrapaTHOM C60€, KOTOprfI caM 110 cebe He ObLI CbaTaJIbeIM, HO cucCTeMa He CMOIJIa IIPpaBUJIBHO BOC-

CTAaHOBUTLCSI, YTO IIPUBEJIO K €€ pa3BaJly;
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e pa3pyIIEHNN CHCTEMBI U3-38 YNCTO IPOrPAMMHBIX IPoG/IeM ! .

B cucremax kiacca JJOC mocireHsist IpUINHA BO3HUKAET OYEHB UACTO, TO3TOMY B TAKHX CHCTEMAX

MOKHO HMCIIOJTH30BATEH TOJBLKO ycTofamnpbie K cbosim DC.

B cucremax knacca OC «CroHTaHHBIE» 3aBHCAHUS IIPOMCXOISIT HaMHOTO pexke. Cucrema, 3aBHCAIO-
masi 10 HEMOHSITHBIM UJIM HEYCTPAHUMBIM ITPUIMHAM Pa3 B HECKOJIBKO JIHEH cUMTaeTcs MaJIOIPUTOHON JIIst
CEPbE3HOI0 UCIOIbL30BAHNUs, & JIEIA0NIas 3TO Pa3 B MeCsI] — ITOI03PUTEIbHO HeHaneKHoit. [loaTroMmy B Takmx
CHCTEMaX MOKHO ITO3BOJINTE cede POCKOIIDL MCIOJIB30BaTh HeycroiauBblie K cbosm PC. Tem boiree, 9To Taxme

CHCTEMBI, KaK IIPaBUIIO, 00J1a1ai0T 60J1ee BEICOKON IIPOU3BOAUTE/ILHOCTBIO, YeM ycroiiausbie OC.

K tomy ke mepes BBIKIIOUEHIEM CHCTEMBI, MHTETPUPOBAHHON B CETh, HEOOXOIMMO YBEJIOMUTD BCEX
KJINEHTOB W BCE CepBepa O padbeanHeHnn. TOJBKO YMCTO KJIMEHTCKAs MAITHMHA MOYKET OBITh BBIKJTIOYEHA
u3 ceru 6e3 mpobsem. [loaToMmy Ha ceTeBBIX cepBepax B JIIOOOM CiIydae HeOOXOIMMa MPOIELypa 3aKPbITUS
cucremsl (shutdown). Tak nmouemy 6bI He BO3JIOKUTD HA STY [IPONEAYPY ellie u DyHKIMIO PA3MOHTHPOBAHUS
OC?

Hamporus, B cucremax peajbHOIO BpeMEHHU, KOTOPBIE IO POy PabOThl MOT'YT YaCcTO M HEOXKUJIAHHO
Iepe3alyCkaTbCcd, HallpuMep, 1PN OTJIaJKE APaiBepOB MJIM IIPOrPaMM, OCYIIECTBIIAIONIAX JOCTYI K alllapa-

Type, CTaparoTCsl UCIIOIb30BaTh yecroiiunsbie K coosim OC.

Xors nepBad U3 MMEPEINCJICHHBIX BBIIIE IPUYINH — U3BJICICHUE HOCUTEIIA U3 JITUCKOBO/a — HE ABJIFACTCA
«cboem» JlazKe B CaMOM HINPOKOM CMBICJIE€ 9TOI'0O CJIOBa, C TOYKHN 3PEHUA @C 370 MaJIO YeM OTJIMYAETCA OT

cOos. HOSTOMY Ha yJaJIdeMbIX HOCUTEJIAX, TaKUX, KaK JUCKETbl, MOXKHO HCIIOJIb30BaThb TOJILKO yCTOﬁ‘IHBbIe

OC.

WuTepecHbIil allbTepHATUBHBII TOIX0/1 UCIOJIB3yeTCsl B KoMIboTepax Macintosh u HekoTopbIx paboumx craH-
IUSIX. Y 9TUX MaIUH JUCKOBOJL HE MMeeT KHOIIKU JIJIsl U3BJIEUeHNUs] JUCKeThl. BrITaIKuBaHUe JINCKETHI OCYIIECTBIISIETCSI
IIPOrPaMMHO, II0/Iatell COOTBETCTBYIOIEN KOMaH b JUCKOBOAY. Ilepes momadeit Taxkoit komamasr OC MOXKET BBIIIOIHUTH

HOpMaJsIbHOEe pa3MonTupoBanne OC Ha yJIaIsieMOM JIHCKe.

B y3K0M cMBIC/IE CIOBA «yCTOWYNBOCTh» O3HAYAET JIUIIh TO, 4T0 Takas OC mociie aBapuitHON niepesa-
Ipy3KHu Heobsi3aTe/IbHO HyXKaaeTcs B nountake. Takue OC obecriednBarOT MeJI0CTHOCTb COOCTBEHHBIX CTPYK-
TYp JAHHBIX B ciiydae cOos, HO, BOODIEe rOBOPsI, HE TAPAHTUPYIOT IEJOCTHOCTU MOJIb30BATEIHCKUAX JTAHHBIX

B daitiax.

Hy>xro ormernrs, uro saxke ecian OC cauTaercst B 5TOM CMbBIC/IE YCTOHIYHBOMH, HEKOTOPBIE COOH JIJIsT Hee MOI'Y'T
6b1Tb onacHbl. Harpumep, ecoru 3amycruth komauy DISKOPT wa «ycroiiuuBoiis cpatiioBoii cucteme FAT u
B noaxoasmuii MomenT Haxkarb RESET, To 3HauuTe/bHasT 4acTh JAHHBIX Ha JUCKE MOXKET ObITh HABCELAa

oTepsiHa.

HHa npaxTuke 4acTo CJIOXKHO IMPOBECTH IDAHUILI MEXK/y TPEMsI MOCIEIHUME THIAME cO0eB. B KadecTBe IpuMepa MOXKHO

IPUBECTH TIPOOJIEMY, OIIUCAHHYIO B paszaese 7.3.2
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Hamporus, MoxxHO roBOpuUTH 00 ycroifuuBocTu B TOM cMbicie, uTo B PC nocie c¢bosi rapaHTHPOBa-
Ha IEJIOCTHOCTD MOJIb30BATEILCKUX JAHHBIX. XOTs I[IOCJIE IIPOCTOTO aHAIN3a MOXKHO yOeJIUThCs, 9TO TaKyIo
rapaHTuio HeJib3d obectieunTh Ha ypoBHe DC; obecrieueHne TAKOH IEJTOCTHOCTH HAKJIAJBIBAET CEPHE3HBIE

OIrpaHUYCHUA U Ha IPOIr'paMMBbI, pa60Tanume C JaHHBIMH, & MHOT'Ja OKa3bIBACTCA IIPOCTO HEBO3MOZKHBIM.

XapakTepHbIil 1 O04YeHb MpocToil mpumep: apxusaTop InfoZip paboraer HaJ cozmanueM apxusa. IIporpamma
cdhopmMupoBasia 3arooBok daiiia, yrakopajia 1 3amucasia Ha JucK okoyo 50 % JaHHBIX, U B 3TOT MOMEHT IIPOU3OIIE]T
c60ii. B zip-apxupax KaTaJIOI HAXOIUTCsI B KOHIIE APXUBHOTO (bailjia U 3alUChIBAETCS TY/1a IIOCJIe 3aBEPIIEHNs YIIAKOBKHI
Bcex janHbiX. OOpe3aHHBIN B CIIy4ailHOM MecTe zip-pailjl He COIEp:KUT KaTajiora U I09TOMY, Oe3yCJIOBHO, SIBJISIETCSI

6€3Haﬂe)KHO UCIIOPpYE€HHBIM.

[TosToMy Tpu cepbe3HOM OOCYKICHUH TPOOIEMbl YCTONIUBOCTH K COOSIM TOBOPSAT HE O TapaHTUU

IIEeJIOCTHOCTHU II0OJIb30BAaTEJIbCKUX JaHHBIX, a 00 YMEHbIIIEHNN BEPOATHOCTH UX IIOPYHU.

[Tonnep:xanune negocraocTr cTPpyKTYp PC 06BIYHO rOpa3io BaXKHee, YeM IeJIOCTHOCTD HETOMMCAHHBIX
B MOMEHT c0OsI ITOJIb30BATE/ILCKAX JTaHHbIX. /les0 B TOM, 9To ecyim pu ¢O0e OKa3bIBAETCS MCIIOPYEH CO371a-
BaBIIHiica aityi, 3TO JTOCTATOIHO HENPUSITHO; €CJIU 2Ke OKAXKeTCsT UCIopYeHa (ailjioBasi CUCTEMa, B XYJIIIeM
clydae 9TO MOYKET MPUBECTH K IOTEpe 6cer TAHHBIX Ha JNCKe, TO eCcTh K KartacTtpode. ITosromy oObIdHO

obecmrevenuio neoctraocTu PC mpu cOosx yaersseTcs ropas3ao 00JIbIe BHUMAHUS.

VIOMHHABINASACS BBIIIE «BPOXKIECHHAS» YCTOMYMBOCTL K ¢O60osM daityioBoil cucrembl FAT o6 bsicHsieTcst
TeM, 4To B oroil DC yrasenue 6JI0Ka U3 CIKMCKa CBODOOIHBIX U BbIJEICHUE €ro (Dailly IPOU3BOIUTCS OIHIM
neficreueM — moaudukarueii snemenTa FAT. Tlostomy ecim Bo BpeMsl 9TOi HpoOIeaAyphbl Iponsoiger cOoit
WU JucKeTa OyJeT BBIHYTA U3 JUCKOBO/A, TO HUYErO CTPAIITHOTO HE CIYUYUTCS: IIPOCTO IMOJYyUUTCs (aii,
KOTOPOMY BBIJIEJIEHO Ha, OJUH OJIOK OOJIbIIe, UeM ero JJIMHA, 3alucaHHas B KaTajore. [Ipu ctupanum 3Toro

daiina Bce ero 6JIoKu OYIyT MOMEYEHBI KaK CBOOOIHBIE, IIO3TOMY BpE/la MPAKTUYIECKH HET.

Hy>xHo oTmernTh, 4TO NpH HCIOJAB30BaHHH OTI0XKeHHOH 3ammcu FAT u poncreBenabie @C TepsiroT 310
npeumyinectBo. Ilpu sToM otTioxkenHnasi 3amuch FAT sBjsieTcss €IUHCTBEHHBIM CIIOCOOOM JOOUTHCS XOTh
CKOJIBKO-HHOY b nipueMJieMoli nipoussoauTeasaocta or OC ¢ 32-6uroeiv FAT. IlosTOMY, HAIpHMED, XOTS
Novell NetWare u ucnosszyer @C, ocaoBannyio Ha 32-6utHoii FAT, moc/e apapuiiHoif mepesarpy3Ku 3Ta CH-
cTeMa BBIHYXKJIEHA 3allyCKaTh MpPOTrpaMMy AaBapHHHONI IMOYHHKH JHCKOBBIX TOMOB. AHAJOTHIHBIM 00Pa30oM

Beger cebst u 32-ourHast Bepcust JIOCosckoit @C FAT32.

Eciin ke cucrema XpaHUT OTIEIBHO CIIMCOK MJIM KAapTy CBOOOJHBIX OJIOKOB, & OTIEIbHO CIIMCKU OJI0-
KOB, BBIJIEJIEHHBIX KaxKjioMy (aiisty, Kak 970 jenaior HPFS uin @C cucrem cemeiicra Unix, To nmpu mnpepbi-
BAHUN OIICPAIIH BBIIEICHI MECTa B HEIIOIXOAAIINI MOMEHT MOTYT JIHOO TepSATHCsT OJIOKH (€CJIU MBI CHAYAJIA
yAaJisieM GJIOK U3 CIUCKa CBOOOJHBIX), JIMOO MOJTydaThCsl OJIOKH, KOTOPBIE OJJHOBDEMEHHO CUUTAIOTCS U CBO-

GO/THBIMI, 1 3aHATHIME (€CIM MBI CHAYAJIa BBIJEIseM OJIOK haily).

HepBaﬂ CUTyallisdd JOCTaTOYHO HEIIPpUATHAaA, BTOPpasd 2Ke IIPOCTO HEeAOITyCTHUMa: HepBbeI 2Ke Cbaﬁﬂ, CO-

S,HaHHbeI II0CJIE€ II€EPEBbI3OBa CHUCTEMDI, 6y,HeT «IIepeKpemunBaTbCA» C UCIIOPYCHHBIM. HOSTOMy BCe ()C7 uc-
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nosb3ytorme GaioBeie cructeMbl Takoro Tuia (cucrembl cemeiicrsa Unix, OS/2; Windows NT u .1.), nocie

aBapUIHON 1epe3arpy3Ku 1mepBbiM JiesioM 1posepsior csou OC cooTBeTcTBYIONIEH MPOIPAMMON TOYUHKH.

Sajiada obecrieueHust MeJJOCTHOCTH (DAMJIOBBIX CHCTEM TIPHU COOSIX YCIOXKHUSIETCSI T€M, 9TO JINCKOBBIE
[IOJICUCTEMBI TPAKTUIECKH BceX coBpeMeHHbIX OC aKTUBHO HCHOJIB3YIOT OTJIOXKEHHYIO 3aIlUCh, B TOM YHCJIE
u 1pu paboTe ¢ CHCTEMHBIMU CTPYKTypaMmu JaHHBIX. OTJI0KEeHHAas 3alliChb, OCOOEHHO B COYETAHUU C COPTH-
POBKOI1 3aIIpOCOB 110 HOMePY 0JI0Ka Ha, [IUCKe, MOXKET IMPUBOIUTH K TOMY, UTO U3MEHEHUsT MHO/A Uau (h-HOIa
daiisia MOTyT BCe-TAKM 3aIlMCHIBATHCS HA JIMCK PAHbBINE, YeM HU3MEHEHUs CITUCKA CBOOOJHBIX OJIOKOB, UTO

MOXKET IPUBOJUTEL K BOSHUKHOBEHHIO «CKpelleHHbIX" hbailios.

8.4.2 BoccrauoBieaue ®C nocJie cboos

Yarme Beero cynepbsok zeycroitansbix PC comepxut dutar dirty («rps3HbIi» ), CHTHAJIN3UPYIOMIAIT O TOM,
aro @C, BO3MOXKHO, HYKJIAETCI B MOIHHKE. DTOT (Jiar cOpachblBaeTCsi IPHU HOPMAJIbHOM Pa3MOHTHPOBAHIHI
OC u ycraHABINBAETCA IIPU €€ MOHTUPOBAHUN WJIU IIPY IIEPBON MOANMUKAIINHN ITOCI€ MOHTHPOBAHUS. TaKuM
obpazom, ecsiu OC morubJia, He ycreB pa3MOHTUPOBATH CBOM JIMCKOBBIE TOMa, IOCJIE TIepPe3arpy3Ku Ha ITHX

Tomax dirty-dar 6ymer ycTaHOBJIEH, 9TO U OYAET CUTHAIU3UPOBATH O HEOOXOJMMOCTH MOIUHKI.

[Tounnka cocTOUT B TOM, ITO CUCTEMA IIPOCIEKUBACT IIPOCTPAHCTBO, Bble/ieHHoe BeeM (aitnam. [pu

9TOM JOJIZKHBI BBIIOJIHATHCA CJICAYIOIINEe Tpe6OBaHI/IﬂZ

1. Kam,uaﬂ 3alliCh B KaTaJiore J0JI2KHa UMETb HpaBI/I.HbeIIU/I CbOpMaT n coZiepzKaTb OCMBICJICHHBIE JaHHBIC.
HaHpI/IMep, €CJIN 3allUCh IIOMeYeHa KaK CBO6O,ILH&5{7 OHa He J0JI2KHa CCbLJIaTbCA Ha JaHHBbIE, IIOMEeYEeHHbIC

Kak npuHaiexkanme daiiry, nwin Ha unoa. He Bo Bcex @C MoKHO 0OHAPYKUTDH OIMUOKK TAKOT'O THUIIA.

2. Kaxmprit 610K mian KjaacTep JAHWCKa JOJKeH NpUHaJIeKaTh He Oojee, deMm omnoMmy daitay. biokwn,
IpWHAIEXKAIne OJHOBPEMEHHO ABYM miIm Oojee daiiiaM, SBIAIOTCSI OYeHb cepbe3Hoil ommobkoit. Ha
IpaKTHUKE 9TO O3HAYAET, UTO JaHHbIE BO BCeX 9THX daiiaax (B JydIieM ciydae — BO BCEX, KDOME TOro,

3alKCh B KOTOPBIii ObliIa mocse/Heil) 6e3Hae:KHO UCIIOPUEHBI.

Yare Bcero mporpaMma MOYHHKHA B 9TOH CHUTyalmu TpedyeT BMEIIaTeIbCTBa IIOJIB30BATENISI, C TEM
9TOOBI PEInTh, Kakue n3 (hailjioB cieayer yaainTh Win obpe3aTh 0 MecTy mepecedenns. Horaa st
KaxKJIoro u3 GaiijioB co3jiaeTcs Komus «odIero» 0J0Ka, HO U B 9TOM CJIydae MOJb30BATEI0 BCE PABHO

HY2KHO OIIPeIe/nTh, Kakne n3 pail/;loB NCIIOPUIEHDI.

[IpakTuaecku Bce PC npu BbIJAeeHNH OJIOKA CHAYAIA YIAJIAIOT €ro U3 CIHUCKA CBOOOIHBIX U JIUIIH
IIOTOM OTHAIOT (PaiiIy, IMOITOMY IIPU «OOBIYHBIX» COOsIX IMepeKkpemuBanue (HpailjioB BOSHUKHYTH MOXKET
TOJILKO KaK CJICJICTBHE OTJIOYKEHHON 3aIUCU B COYETAHUHU C COPTUPOBKON 3a1pocoB. Bo3HukHOBEHME Ta~
KX OITUOOK OOBIYHO CUTHAJU3UPyeT jud0 00 omnbke B camoM (hailjioBoM MeHeKepe, Jubo 00 arma-
paTHBIX cOOsIX Ha JMCKE, JIUOO 0 TOM, UTO cTpyKTypbl PC ObLIM MOANPUIITPOBAHbI B 06X0, (bailjioBoro

menekepa. Hampumep, B JIOC 310 MOXKeET OBITH IPU3HAKOM BUPYCHONW AKTUBHOCTH.
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3. Kaxmomy daitry HoJI2KHO OBITH BBIJIEJIEHO IIPOCTPAHCTBO, COOTBETCTBYIOIIee ero jymuHe. Ecim daitay
BBIJEIEHO 60JIbIe OJI0KOB, YeM TpebyeTcs, JTUITHIE OJIOKHM ITOMEYAIOTC s KaK ¢BOOoaHbIe. Kcn MeHbIte,

daits ykopauusaercs. BozaMoxkHO, B yKOpOUYeHHBIX (afijax qacTb JaHHBIX OKA3bIBAETCS [TOTEPSHA.

4. Bce 6si0km, He mpuHAIEKAITE (dailjaM, TOJKHBI OBITh MOMEUYEHBI, KakK ¢BOOOmHBIE. COOTBETCTBYIO-
U TUTT OMUOOK — MOTepsAHHbIe O6JIOKM — HamboJiee YacThiil Pe3yJIbTAaT CUCTEMHBIX cO0eB Kak B dali-
jioBoit cucreme FAT, Tak u B 60jiee CJI0XKHBIX (bailnoBbix cucreMax. CaMu 110 cebe OIMMOKHU 3TOro THUIIA,

OTHOCHUTEIHHO 0e300H THHI.

OO6bIYHO TpOrpaMMa MOYUHKHA HE ITOMEeYaeT MOTePsiHHbIE OJIOKM KaK CBODOJHBIE, & BBIJIEISIET U3 HUX
HeIIPEPBIBHBIE TEMOYKU U CO3JaeT u3 TuxX nenodek daitasl. Hanpumep, B OS/2 nporpamma mounHku
[BITAETCH HAWTH B HMOTEPSIHHBIX OJIOKAX (DAlJIOBBIE 3allUCH, & MOTOM CO3/IAeT CCHIJIKU Ha HaliJIeHHbIE
TakuM 0bpazom daiisbl B Katajore \FOUND.XXX. B DOS stu ¢aiijibl TOMEIanTcs B KOPHEBOH KaTAJIOT
@®C nox umenamu FILEXXXX.CHK (Bmecto XXXX mojcraisiercss Homep). Ilpesmosiaraercsi, 9To moJib-
30BaTeJIb IPOCMATPUBAET BCe Takue (hailibl U OmpeesisieT, He COJMEPYXKUT JIU KAKON-TO U3 HUX IEHHOMI

nHbOPMAINT, HAIIPUMED KOHIA HACUJIbCTBEHHO YKOPOUYEHHOTO daitia.
5. B cucremax cemeiictBa Unix cyimecTByeT HECKOJIBKO CIIENM(MPUIECKAX OIMMMOOK, CBSI3AHHBIX C WHOAMME:

® IHO/, BHyTpeHHI/IfI CUYETYUK CCBIJIOK KOTOPOT'O HE COOTBETCTBYET PEAJILHOMY KOJMYECTBY CCBIJIOK
U3 KaTaJIOrOB. IJTa, HpO6JIeMa MO2KET BO3HUKaTb IIPU CHUCTEMHOM cboe B MOMEHT YaaJjieHud Cy-
H_[eCTBOBaBLHeﬁ CBA3U WUJIM CO3JaHuA nopoii. Ona penraeTrcs KOppeKHI/Ieﬁ BHYTPEHHET'O CUYETUYHNKA

nHojta. ITocie 3TOro MOXKHO OOHAPYKUTH CJHEYIONIHE JIBE ONINOKH;

® UHOJ, HE UMEIOIIWI HI OJHONW CCBHLIKH, HO He IMOMEYeHHBbIN KaK CBOOOJTHBIN — cHpoOTa (orphan).

CcplIKa Ha, TaKoM MHOJ, CO3IaeTcsl B Karajiore lost+found;

® UHO/ C HEHYJIEBBIM KOJIHUYIE€CTBOM CCBIJIOK U3 KaTaJIOI'OB, HO ITOMEYEHHBIN CBO60,ZLHbHVI. ‘—Iame Bcero

9TO CBHJETEJIBLCTBYET O IMopYe camMoro karajora. OOBIMHO CCBLIKN Ha TAKOW MHOJ YIAJISFOTCS.

B HEKOTOPBIX 0COOEHHO TSIKEJIBIX C/IyUasx, IPOrPpaMMa, MIOUYNHKHN OKA3bIBACTCS HE B COCTOSTHUU CITPa-
BUTDLCH C IIPOUCIIIEINEN aBapueil U aJIMUHACTPATOPY CUCTEMBI IPUXOAUTCS OPAThCs 32 JUCKOBBIN pPeIaKTOP.

B npomnecce skcmryaranuu cucreMbl SCO Open Desktop 4.0, y 0onHOro u3 aBTOpOB HEOSHOKPATHO BO3HUKAJIA
HEOOXOJIMMOCTD BBIIIOJIHATD XOJIOIHYIO Hepe3arpy3Ky 6e3 HOPMaJbHOTO pasMOHTHpOBaHUs (aiiyosbix cucrem. OHa

73 TAKWUX IIepe3arpy30K IpuBeJa K Karacrpode.

JlnckoBasl OACHCTEMa MAIIIHBI COCTOSIa U3 KIMIIPYIOMEro KOHTPOJIJIEPA MUCKOBOIO MaccuBa. KoHTposurep
AKTUBHO HCIOJIH30BaJI OTJIOXKEHHYIO 3aIiCh, 9TO, MO-BUIUMOMY U ITOCJIYKIJIO IPUINHON KaTacTpodbl. Bo Bpems mia-
HOBOT'O PE3EPBHOI0 KOIMMPOBAHUA JIPAiiBep JEHTOIPOTAYKKHI BIIAJ B CTYIOP U 3a0JOKHPOBAJI IPOIECC KOIMMPOBAHMs 2.
M3-3a Ham4ms 3aBHUCIIETO IIPOIECCA 0KA3aJI0Ch HEBO3MOXKHO Pa3MOHTHPOBATH (ailjIOBYIO CHCTEMY M MalllMHA ObLIa

nepe3arpyena HaxkarneMm KHOIKU RESET Ge3 BBINOJIHEHUsST HOPMAJILHOTO 3aKPBITUsI, B TOM YHCJIe U 06€3 BBIIOJHEHUSI

12\MexannsM BOSHUKHOBEHHsI STOi aBapHH MOAPOGHEe 06CYKIAICS B 7.3.2.



8.4. I'crolulBocts €E K cBosM 155

oIepaIun 3aKphITUs JIpaiiBepa JUCKOBOTO MACCHUBa, KOTOpas JIOKHA ObLIa COPOCUTDH Ha JUCKU cofepKuMoe 0ydepon

KOHTPOJLIIEPA.

ITocse nepe3arpysku cucremMa aBTOMATHYECKH 3aIlyCTUIIA IPOrpaMMy HounHKY (daiisioBoit cucremsl fsck (File
System ChecK), koTopas Bbigasa pagocraoe coobmenue: DUP in inode 2. JIjisi HE3HAKOMBIX ¢ CUCTEMHBIME Y TH/IATA-
vu Unix Heobxoaumo ckazarh, aro DUP oznauaer ommbKy nepexpemuBanus HailjioB, a WHOM, 2 — 3TO WHOJ, KOPHEBOT'O
karajiora @C. Takum 06paszom, KOpHEBasT JUPEKTOPHS JIUCKOBOTO TOMa 00bEMOM OKOJIO 2 THrabaiiT 0Ka3aach UCIOp-
gena. [Ipu aTom momasstiomniee OOMBITUHCTBO KATAJIOTOB 1 (DaitIoB ObLIN He 3aTPOHYTHI KATAK/IM3MOM, HO OKA3aJIUCD
HEeJIOCTYIHbBL. [IporpaMMa MOYMHKY HE MOIJIA IEPEHECTU CCHLJIKU Ha COOTBETCTBYIOIINE MHO/BI B KaTajor lost+found,

TaK KaK CCBLJIKA& Ha HEIr'o TaK>Ke MIEeT M3 KOPHEBOI'O KaTaJiora.

Curyanus rnpejcrasisiiach 6e3Bbixo/iHoN. Karacrpoda ycyrybiisiiach TeM, 9TO IPOU30IILIA OHA 80 8PEMA Pe-
3epBHOTO KOIIMPOBAHWSI, a TIOCIEIHsIST «X0poIas"Konus Oblia cieaHa HeIeTo Ha3a . BOIbInyio 1acTh moib30BaTe b-
CKUX JIAHHBIX MOXKHO OBLIO OBl BOCCTAHOBUTDL, HO CPEJIH MOTEPSTHHBIX (BailioB OKA3aJICs YKYPHAJIBHBIN (aiiyr cepBepa
CYBJI ORACLE (cama 6a3a JaHHBIX HAXOJWJIACH B JIPYTOM Dasjese JUcKa). IIpUIuioch 3aHIThCS BOCCTAHOBIEHUEM
OC ¢ uCIoIb30BaHUEM JIUCKOBOI'O PEIAKTOPa, MOTUBUPYS 9TO TEM, UTO «TEPSATH BCE paBHO yxke Hedero". CobCTBEHHO,
B BoccTaHoBaeHnn PC yIacTBOBAIO /Ba JEJIOBEKA — aBTOD W IITATHBIN 8IMHHUCTPATODP CHCTEMBI. ABTOp HU B KOEM
ciIydae He XO4UeT CO3/aTh y UNTaTeJisl BIedaTIeHne, 9TO IJIAH BOCCTAHOBJIEHUs ObLI pa3paboTaH JIMIHO UM — TO ObLI

ILJIOJT COBMECTHBIX yCHUJIUi, TIPOO U OMUOOK.

PemakTupoBanue cHCTEMHBIX JJAHHBIX «CJI0KHBIX" PC ¢ HCIMOJIB30BAHUEM ITPOCTOTO MIECTHAIATUPUIHOTO JHC-
KOBOI'O PeJIaKTOPa sIBJISIETCs KpaiiHe HeOIaroapHbiM 3aHsTHEM. F.CTh OCHOBaHUSI YTBEPKIATH, YTO 9TO BOODIIE HEBO3-
MOXKHO. Bo BcgkOM ciiydyae, HM OJHOMY M3 aBTOPOB HE JIOBOJMJIOCH CJIBIMATH 00 ycmexe Takoro mnpeanpusitus. K
cuacThlo, cucreMbl cemeiicrsa Unix npempocrasisor s pepakrupoBanus PC cuermansayio nporpammy fsdb (File
System DeBugger — otnanunk daitnosoit cucremsi). [lo nonb3osarenbckomy naTepdEicy 3Ta IporpaMMa HAIIOMA-
Haer nporpammy DEBUG. COM, nocrasiisiemyio ¢ MS DOS; 0CHOBHBIM ee IPEeuMyIIEeCTBOM SIBJISIETCSA TO, 9TO OHA «3HAKO-
Ma'c OCHOBHBIME MOHSITUSIMU (DaityioBoil cucrembl. Tak, Hanpumep, fsdb Mo3BoJIgET TPOCMOTPETH cojiepxkuMoe 10-ro
Jiormdeckoro 6iioka daitna ¢ uanogom 23456, BoimeanTs dusnveckuii 6si0k 567345 dairy ¢ MHOIOM 2 MK IOMETUTH

nHOT 1245 Kak CBOOOTHBIIN.

[IepBas mombITKa BOCCTAHOB/IEHUS COCTOATIA B TOM, YTO MBI YIAJUIA TOT UHOJ, C KOTOPBIM TE€PEKPEITNBAJICS
KOPHEBOH KaTaJjIoT, CMOHTHUPOBAJIN TOM KOMAaH/ION «6e3yCI0BHOrO" MOHTHPOBAHMs (KOTOpAasi TO3BOJIsIIA MOHTHPOBATD
IIOBPEXKJICHHbIE TOMa), co3aym KoMaH o mkdir kartasor lost+found u BHOBB 3amyctmwin fsck. [TonbiTka 3aBepim-
Jlach KpaxoM. Bema O6bl1a B TOM, 9T0, KaK 0Ka3aJ0Ch, KOPHEBOI KATAJIOT TePECeKasIcs TaKyKe M CO CIIMCKOM CBOOOIHBIX
OJIOKOB, TO €CTh CO3/aHNE KATAJIOora, a IMOTOM €ro pacimperHne KoMaH10ii £sck cHOBa MPUBOIUIIO K TIOpYE KOPHEBOTO

KaTaJjora 1 3aJiada CBOJUIACH K MPEJIbIIYIIEH.

Takum obpa3om, HAM HEOOXOAMMO OBLIO JTUOO MOYUHUTH BPYUIHYIO CIIUCOK CBOOOTHBIX OJIOKOB, JTMOO HAWTH
crocob co3gaTh aupekTopuio lost+found 6e3 obpaineHuil K 9ToMy CHuCKy. JlomosHuTeIbHAST CII02KHOCTh COCTOSLIA B
TOM, 9TO € KaTayjoroM lost+found He cBsg3aHO (DUKCHPOBAHHOI'O WHO/IA, 8 ONPEIEIUTh MHO cTaporo lost+found ne

IpeacTaB/IAIOCh BO3MO2KHBIM.

Mur PeENInIn He CBA3bIBATHCA C ITOYMHKON CITMCKAa CBO6OILHBI 0J10K0B. BMecTo 3T0Or0 Mol IIpoCMOTpeJI JIMCTUHT

[OCJIe/IHEN «IIPaBUIBHOM"

Ppe3epBHOI KON, HAIIIN TaM HEHY KHBII IIyCTONR KaTaJIol' ¥ IIPUCOETUHUIINA €0 K KODHEBOMY
o1 Ha3BaHueM lost+found. Ilocse sToro HaM ocTaBaJIOCh JINIIB YIIOBATH Ha TO, YTO BHOBB CO3/1aBaeMble fsck cCbIKI

Ha (dailIbl He IPUBEIYT K HEOOXOIUMOCTH YJIMHUTH HaIll lost+found. K cuacTbio, 9TOro He MPOU3OILIO: BCE TOTOMKA
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KOPHEBOI'O KaTaJjora 0Jaromnoyyqso mojaydmin uMmena B lost+found. Ilo cymecrsy, @C mpunura B NpUrogHOE It
9TEHUsI COCTOSTHUE, OCTABAJIOCH JIUIIH MPABUJIHLHO OIPEIETUTh MMEHA HANJIEHHBIX KATAJOTOB. DTO TaKyKe OKa3aJI0Ch
OTHOCHUTEIFHO HECJIOZKHOM 3aa4eil: 00JIbIasi 9aCTh KATAJIOIOB HA TOMe ObLIa JOMAITHUMU KaTAJI0raMU [T0JIb30BaTe el
U UX UMEHA MOXKHO OBLJIO BOCCTAHOBUTH HA OCHOBAHUU TOrO, KOMY 9TH KATAJOrU IPHHAIEXkKaJU. [y ocTaabHBIX
KaTaJIoroB UMs JIOCTATOYHO JIEI'KO OIIPE/Ie/IAIOCh II0C/Ie COIOCTABJIEHNS UX COJEPXKMUMOI'O C JINCTUHIOM PE3ePBHOI

KOIINH.

Bo wmmorux coepemennbix OC peasmm3oBaHbl ycToiumBbie K cOosim baitsioBbie cucrembr: jfs B
AlX(Bepcust Unix, mocrasisiemasi IBM), Merlin), Veritas 8 UnixWare, NTFS B Windows NT. IIpakruuecku Bce
rakue @C oCHOBaHbI Ha MeXaHU3Me, KOTODbIii 10-aHIIniicku HasbiBaercs intention logging (perucrparus

HaMepeHuii).

8.4.3 daiisioBble CUCTEMBI C perucrparnueii HamMmepeHuii

Tepmun, BbIHECEHHBIH B 3ar0JI0BOK 3TOIO IOJIIYHKTA, SIBJISIETCS JOCJIOBHOIT KaJIbKOH (BO3MOXKHO, HE OYE€Hb
yZ1a4HoOI) aHI0s13pI9HOrO TepMuHa intention logging. B pycckoM sibiKe, K COXKaJICHUIO, ellle HET OOIenpH-

HATOI'O TepMHUHA JIJISd 3TOI'O ITIOHATHA.

W nest >kypHAJIOB pErUCTpAIE HAMEPEHUI IPUIILIa U3 CUCTEM yIpaBienus bazamu gaHHabx. B CYB /]
YacTO BO3HHUKAET 3a/a4a BHECEHUSI COIVIACOBAHHBIX M3MEHEHMII B HECKOJIBKO PA3HBIX CTPYKTYD JlaHHbIX. Ha-
npuMep, OAHKOBCKAs CHCTEMa MTePEBOUT MUJLIHOH JOJIApOB ¢ onHoro cueta Ha apyroit. CYB/l BoranTtaer
1.000.000 u3 cyMMBI Ha IIEPBOM CYETY, 3aTEM IIBITAETCH JJOOABUTH TY K€ BEJIMYNHY KO BTOPOMY CYETY... U B

9TOT MOMEHT ITPOUCXOIUT COOIA.

Hns CYB aToT nipumep BBINJISIIUT OY€Hb TPUBUAJIBHO, HO MBI BBIODAJIM €0 TIOTOMY, 9TO OH TIOXOXK
Ha cuTyaluio B GailJIoBoil cucreMe: B KAKOM ObI TIOPSIJIKE HU ITPOU3BOUIINCH JIEHCTBUS 110 TIEPEHOCY 00beKTa
U3 OJHOM CTPYKTYPHI B APYTYIO, cOOIf B HEyIAaYHLIH MOMEHT MPUBOJUT K KpaifHe HempuATHOH cuTyaruu. B
CYB/I sra npobsiema OblIa OCO3HAHA OYEHBb JABHO U ObLJIA OYE€Hb OCTPON — BeJlb MUJLIMOH JIOJIJIAPOB BCETJIA

ObLT HAMHOI'O JOPOXKE OJIHOIO CEKTOPa Ha JIHCKE. . .
VoBmeTBOpUTEILHOE pEelTenne MpobIeMbl 3aKII0YAETCSA B CJIEIYIONIEM:

Bo-tiepBbix, Bce corytacoBanubie uamenenusi B CY B/l oprarusyorcs: B 0710KM, Ha3bIBAEMbIE TPAH3AK-
nusimu (transaction). Kaxkas rpansakiust ocyniecTB/IsIeTCsl KaK HejlenMasi (AToMapHast) oreparsi, BO

BpeMdda KOTOpOfI HUKaKHe ApyTrue olepalnuu Ha/Jd USMEHAEMbIMU JaHHBIMU HE pa3pPCIIeHDbI.

Bo-BTOphIX, Kaxkmass TpaH3aKIMs OCYIIECTBISIETCS B TP dTAIlA.

1. Cucrema 3anuCBhIBAET B CIEIUAJBHBIN *KYPHAIBHBIN (Daiisr, ITO »Ke OHa COOUPAeTCst Je/iaTh.

2. Ecan 3anucoh B 2KypHaJI ObLIA YCHGHIHOfI, CHUCTEeMa BBITIOJIHAET TPaH3aKIHUIO.
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3. Ecim Tpam3zakmus 3aBepimiach HOPMaJjbHO, CHCTEMa IIOMeYaeT B JKypHaJe, YTO HaMepeHue ObLIo

YCIIEIITHO PEAJIM30BAHO.

ZKypHan gacTo HasblBalOT XKYyPHAJIOM perucrpamuu Hamepenwii (intention log), uro ouenn

XOPOIIIO OTPAYKAET CyTh JIejIa, HOTOMY YTO B 9TOT »KyPHAJI 3alIChIBAIOTCS IMEHHO HaMepeHus (intentions).

[Tpu ucnoaL30BaHUN OTIOXKEHHON 3aIIMCU TPAH3AKIUA CYATACTC MOJTHOCTHIO 3aBEPIIEHHOM, TOILKO
KOT/Ia TOCIeIHNI OJI0OK M3MEHEHHBIX JaHHBIX Oyaer (pu3mvdeckd 3almcaH Ha Juck. lIpm 3ToM B cucreme
00BIYHO OyIeT OTHOBPEMEHHO CYIIECTBOBATH HECKOJIBKO HEIOBBLIIIOJTHEHHBIX TPAH3AKIIN. JIerKo MoHdIThb, I9TO

Ipu ornepanuax ¢ CaMUM 2KYPHaAJIOM OTJIO2KEHHYIO 3allMCh BOO6H1€ HeJIb34 MNCIIOJIb30BaTh.

Ecnu nmpousores c6oit cucTeMbl, OcJe epe3arpy3Ku 3alyCKaeTcs MporpaMMa MOYUHKY 0a3bl JTaH-

HBIX. DTa IIPOrpaMMa ITPOCMATPUBAET KOHEI[ XKy PHAJIA.

e Ecim oHa BHIUT TaM MCIOPYEHHYIO 3alUCh, TO UTHOPHUPYET ee: cOO#l IMPOM30IIe/I BO BPEMs 3AIUCH B

JKypHaJI.

e Eciu Bce 3ammcu IOMeYeHBI KaK YCIIENITHO BBITIOJTHEHHBIE TPaH3aKIIUU, TO cboit IIpOoU301Ie]I MEKTY
TPpaH3aKIUAMM: HUIETO 0CODEHHO CTPaIIHOTO HE CJJIYYUJIOCH; BO BCAKOM CJ/Iy4dae, HUYIEro YMHUTL HE

HAJIO.

e Eciu naiimena 3ammch, KOTOpasi OTMEYaeT HAYATYIO, HO HEBBIMTOJHEHHYIO TPAH3AKIINIO, TO cOO#l mpo-
M30IMesI 60 8PeMs ITON TPAH3aKINNA. JTO Hanbo/Iee HEIPUATHAS CUTYAIlNd, HO YKYPHAJ COMEPIKUT J0-
CTaTOYHO WHQPOPMAINH, IYTOOBI WM BOCCTAHOBUTH COCTOsTHME 0a3bl JAHHBIX JI0 HAYa/Ia TPAH3AKIUN

(BbImostHUTE OTKAT Ha3ax (rollback)), nam ke jomenaTh IpeIIoTaraBIInecss N3MeHEHNSI.

Hy>xHO 0T™METUTB, UTO JaHHBIE, HEOOXOAMMBIE JIJIsi BBIIIOJTHEHUS OTKATA, MOT'YT UMETh OOJIBIION 00b-
eM. GAKTUIECKH ITO KOIIUs BCEX JAHHBIX, IIOJBEPrAOIINXCS U3MEHEHNO B Xoie Tpau3akiun. Muorue CYB /I,
rakne Kak ORACLE, xpaHsT 3TH JJaHHBIE HE B CAMOM YKypPHAJIE, & B CIEIUATLHON 00JIacTH JAHHBIX, Ha3biBa-

emoii cermeHT oTkKara (rollback segment).

Bosee mogpobuas nndgopmaiust o pabore KypHAJIOB HaMepeHuit B 6a3ax JaHHBIX MOXKET ObITh Haliie-
Ha B cooTBercTBYIoMNIei jureparype ([18] u ap.). HeobxoaumMo ToIbKO OTMETUTD, YTO KHUTH U JIazKe (bupMeH-
Hast jokyMmenTtanust 1o npoctbiv CYB/I tuna dBase win FoxPro 31ech He mOMOTYT, IOCKOJIBKY 9TH HAKeThl

He coJlepKaT CPeJCTB KYPHAJIUPOBAHUS.

JIerko moHSTH, UTO UJesi »KypHaJIa HaMepPeHU JTOCTATOYHO eCTECTBEHHO MEPEHOCUTCST B IIPOTPAMMY
yIpasJierust aitsiopoit cucremoii. Ho 31mech BO3HUKAeT MHTEPECHBIH BOIIPOC — UTO K€ CINTATHh TPaH3aKIIne:
TOJIBKO OIlepalluy 110 PAaCHpEJIEJIEHUI0 IIPOCTPAHCTBA HA JIMCKE WM TaKXKe BCE Ollepallud 110 U3MEHEHUIO
JAHHDIX !

[lepBBIil BapuaHT IpOIEe B peau3allud U OKa3bIBaeT MEHbIIIee BJIUSHUE Ha MPOU3BOUTETbHOCTD;

3aTO OH 'apaHTHUPYET TOJIbLKO IIEJIOCTHOCTDH caMoit (DC, HO HE MO2KET I'apaHTUPOBaTh IMEJIOCTHOCTHU I1OJIb30Ba-

TEeJIbCKUX JIAHHBIX, ecJii ¢OOH MPON30ii1eT B MOMEHT 3aIlUCh B (haili.
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Bropoii BapuanT TpebyeT Bblae/IeHNs CETMEeHTa OTKaTa U CUJILHO 3aMe igeT pabory. JlelicTrBurebHO,
BeJIb TeIeph JaHHbIE MUITYTCI Ha JUCK JBa Pa3a: CHadaJIa B CEIMEHT OTKaTa, & IMMOTOM B caM ¢aiiy. 3aTo OH

CYIIECTBECHHO CHH2KaCT BEPOATHOCTDH IIOPYHU IIOJIB30BATEJIbCKUX JaHHDBIX.

Psn coBpemennbix @C ¢ perucrpaliieii HaMepeHuii OAAePXKUBAIOT 008 PexKuMa, PabOThI U IIPEJ0CTaB-
JITIOT BBIOOP MEXKIy 9TUMU BapUaHTaMU aIMUHUCTPATOPY cucrembl. Hanpumep, v daitiosoit cucrembr vxfs
win Veritas, Bxousieit B naker UnixWare (Bepcust Unix SVR4, nocrasisiemast upmoii Novell), cymecrsy-
er mBe Bepcuu. Oj[HA BepCHsi, MOCTABJIsIeMasi BMECTE C CHCTEMOI 110 yMOJIMaHUIO, BKJIFOYAET B TPAH3AKIIAIO
TOJILKO CHCTE€MHbIe HaHuble. /pyras, «advanced», Bepcusi, KOTOpasi MMOCTABJAETCA 32 OT/IE/bHBIE JE€HBIH,

OCYIIECTBJIAET PEruCTPAIAIO HAMEPEHU KaK JijIsl CUCTEMHBIX, TaK 1 JJIs II0JIb30BaTEeJIbCKAX JaHHbBIX.

B Veritas 2 nuckoBblit ToM pa30buT Ha 00JIACTH, HA3BIBAEMbIE IPYIIIAMY IMJINHAPOB (TEPMUH, YHACJIEIO-
BauHbiii u3 UFS — ¢aitnosBoii cucrembr BSD Unix). Kaxas rpynmna nuanHIpoB UMeET CBOIO KapTy CBOGOIHBIX
6JIOKOB, y9aCTOK JMHAMUYIECKON TAOJUIBI MHOMOB M KypHAJ Hamepenuil. 2KypHasi HaMepeHuil OpraHm30BaH B BUJE
KOJIBIIEBOTO Oydepa 3ammceit 0 TpaH3aKIusax. B yKypHaJI NMUITyTCsS JAHHBIE TOJBKO O TPAH3AKITUSX HAJ[ MHOIAMU, IIPU-
HaJJIeXKAIUME K 9TOI rpy1ie numinHapoB. [Ipu 3ToM B KaxK 101t IpyIIle MOXKET UCIIOTHATHCS OJHOBPEMEHHO HECKOJIHKO
TPAH3AKIWI 1 OKOHYAHIEM TPAH3aKI[UU CINTAECTCsT (PU3MIECKOe 3aBEPIIEHNE 3AINCA MOAUMDUIIMPOBAHHBI TaHHBIX. Ko-
JITYECTBO OJTHOBPEMEHHO HCIIOJHAIONINXCST TPAH3AKIINI OrPAHIMIEHO 00 beMOM 2KYPHAJIA, HO TIOCKOJIbKY KaXKIasi I'PYIIIa,

[WJIMHJPOB UMEET CBOM YKypPHAJI, 9TO OTpaHUYEHNe He UTrpaeT OOJIBIION POJIH.

8.4.4 VcroitunBocth PC K cbogM aucka

Kpome obmmecucremunx c6oes, PC moskHA 06€CIIETNBATH CPECTBA BOCCTAHOBJIEHUS IIPHU (DUBUIECKUX COOSTX
jucka. Haubosiee pacipocTpaHeHHBIM BUJIOM TakKuxX cOOEB SIBJISIIOTCsI HeunTaeMmble — «mitoxue» (bad) —
OJIOKM, TIOSIBJIEHNE KOTOPBIX OOBITHO CBSI3aHO ¢ PUINIECKUME AePEKTaMU MATHUTHOIO HOCHTEJIS.

BricTpee Bcero mioxue 6JIOKH BOSHUKAIOT HA THOKUX MArHUTHBIX JINCKAX, KOTOPBIE COPUKACAIOTCS C TOJIOBKOIA
YTEHMUsI /3aIMCU U U3-38 ITOrO TOJIBEPXKEHbI (PU3MUECKOMY M3HOCY M NMOBpexkIeHusiM. Kpome Toro, rubkue JUCKH TOJI-
BEPraloTCs OMACHBIM BO3JIEHCTBUAM U BHE JIMCKOBOAa. HampuMmep, mpu BHOCE JUCKETHI C YJIUITHI B TEIJIOE TOMEINIEHUE
Ha IIOBEPXHOCTH JIUCKA OyIeT KOHIEHCUPOBATHCS BJIATA, & COIPUKOCHOBEHUE T'OJIOBKU JUCKOBOJA C BJIAYXKHBIM JHUCKOM
MIPaKTUYEeCKM HaBEPHSAKA II0BPEJIUT MarHUTHBINA CJION.

2KecTkne MaruuTHbIE TUCKU TIOMEIEHBI B TEPMETUIHBII KOPILYC U He COIPUKACAIOTCS C TOJIOBKAME JHCKOBO/IA,
II03TOMY CPOK CJIy?KObI TaKMX IHUCKOB HamMHOro 6osibire. [losiBieHNe OMMHOYHBIX IJIOXUX OJIOKOB Ha YKECTKOM JIHCKE
CKOpEe BCEro CBUJIETEILCTBYET O 3aBOJCKOM JedeKTe OBEPXHOCTH WK YK€ O TOM, YTO MATHUTHBIA CJIOH OT CTAPOCTH

Ha4aJl JIerpaiipoBaTh.

Ente oHO# NpUIMHON MOPYM KECTKUX JIUCKOB SIBJISIETCS COPUKOCHOBEHUE TOJIOBOK UTEHUSs /3AIIUCH C TIOBEPX-
HocThIo Bpamaoterocs mucka (head crash). OGbvHO 9TO TPUBOAUT K TOBPEXK IEHUTO TIEJIOH TOPOXKKI NI HECKOIBKUX
JIOPOXKEK JIMCKA, & 3a4aCTyI0 U caMoil rojoBKU. J[jisi HeChEMHBIX YKECTKUX JMCKOB B I€PMETHYHBIX KOpIlycax (T.Has.

BUHYECTEPCKUX JMCKOB) 3TO 03HAYAET [I0TEPIO LesIoi paboyell IOBEPXHOCTH.

OOBIYHO OMIUOKU JAHHBIX OOHAPYKUBAIOTCS PU 9TeHUH. J[MCKOBbIE KOHTPOJLIEPHI UCIOJIB3YIOT IPU
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3aIMCH KOJAMPOBKY € UCIpaBeHneM ommbok, darie Beero, Koisl Tuiia CRC (Cyclic Redundancy Code —
[UKJIMIECKUi n30BITOYHBIN KO/T), KOTOPBIE TI03BOJISIIOT OOHAPYZKUBATH U MCIPABJISITH MHOXKECTBEHHBIE OO~
ku. Tem He MeHee, eciiu 1pu YTeHUU ObLIA OOHApY2KeHa omubKa, 6osbimuHcTBO OC OoTMedaT Takoit 6J10K

KaK HJIOXOfI, JazKe eCJIn JaHHbIe yIaJIOCh BOCCTaAaHOBUTHL HAa OCHOBaHUN N30LITOYHOIO KOoIoa.

B daitnosoit cucteme FAT maoxoit O6JIOK Wan KJaacTep, COAEPKAIINM TaKOi OJIOK, OTMEYTaeTCsa KOIOM
0xFFB uu OxFFFB mjist nuckoB ¢ 16-paspsianoit FAT. Dra (aiinosast cucreMa He CIOCOOHA KOMIIEHCHPOBATH
mioxue 6J10Ku B camoii FAT myim B KOPHEBOM KaTaJIore JUCKa. TaKue IUCKU MPOCTO CINTAIOTCS HEIIPUTOTHBIMI

JJId UCITOJIB30BaHMA.

B «ciioxkubix» QailoBeix cucTeMax 00BITHO UCIIOJIB3YETCst O0JIee CII0XKHBIM, HO 3aTO 1 HoJjiee yI0OHbBIT
criocob obxoza MI0XuX OJIOKOB, HasbiBaeMblii ropsideit 3ameHoit (hotfixing). IIpu coznanun daiinioBoii
CUCTEMBI OTBOIUTCS HEOOJIBITION 11yJ1 6JIOKOB, TPEIHAZHAUEHHBIX JJIsd ropsiueil 3amenbl. B (aitioBoil cucreme
XPAHUTCH CIIUCOK BCEX OOHAPYKEHHBIX IJIOXUX OJIOKOB, U KAaXKJIOMY TAKOMY OJIOKY TIOCTABJIEH B COOTBETCTBHE
6s10Kk u3 mysia ropsidueit 3amenbl. [Ipu aToM 110XMe OJI0KM, Ha KOTOPBIE OKA3AJIUCh OTOOPAXKEHBI CHCTEMHBIE
CTPYKTYPBI JAHHBIX, HAIIPUMED yUIACTOK TaOJIUII MHOIOB, TaK¥Ke MOJBEPraioTcs ropsideii 3amene. Tabuna

I‘Opﬂ‘leﬁ 3aMEHBI MOXKET OBLITH KakK CTaTI/I‘{ECKOfI, TaK 1 ,ILHHaMH‘IeCKOﬁ.

Ha mepsorit B3rUIs1, quHAMAUYECKas TAaOJINIA TOPsIeil 3aMeHbl MPEIIIOYTUTEIbHA, OJHAKO HE HYKHO

3a0BIBATDh O JIByX HEMAJIOBasKHBIX (PAKTOpax.

o QajioBas cucTeMa BBIHYXKJEHA CIPABIATHCA € TAOJUIEH Topsideil 3aMeHBbI IIPU BCEX ODPAIEHUsIX K

JIUCKY, TIO9TOMY yBeJIMYIeHNe TAOJIUIbl IPUBOIUT K 3aMeJIICHUI0 PAOOTHI.

e MHOXKeCcTBEHHBIE IJIOXUE OJIOKH Ha >KECTKOM JIMCKE CBHIETE/ILCTBYIOT JIUOO O TOM, UTO JHMCK JedeKT-
HBIi, OO O TOM, YTO MATHUTHBII CJIOH HAYAJ Pa3PyNIATHCS OT CTAPOCTU (MHBIMU CJIOBAMHU, YTO TOT
JINCK TI0Pa BBIKHUJIBIBATH ), JIUOO O KAKUX-TO JIPYIUX HE MEHee CePbe3HBIX MpobjieMax, BPoJe pasrepMe-

TU3allu KOPIIyCa WU IIPOHUKHOBEHHS A B HEI'O IIBIJIN.

C y4dgeTroMm obounx (ba,KTOpOB KazKeTcd HeﬂeCOO6pa3HbIM YCTaHOBUTL IIPeEJIe/I KOJINIeCTBa IIJIOXUX 0J10-
KOB, II0CJI€ JOCTHUXKEHNA KOTOPOI'o JUCK HY2KIACTCA B 3aMCHE. Hy}KHO OTMETUTDH TaK2Ke, 9TO 9TOT IIpeaesr He
MO2KeET IIpeBbIIIaTb HECKOJIbKHUX IIPOIIEHTOB o6mef1 €MKOCTH JUCKa. B cBere sTOro mebosblnas CTaTUudYecKast

Tab/IuIa OJIOKOB ropsideil 3aMeHbI IIPEJICTaBIISETCS BOBCE HE TaKOU y»K ILIOXOM MJIeeii.

8.5 paiiBepsbl ailjioBbIX CUCTEM

[Tpu sxcrmryaramnn OC MOXKET BOZHUKHYTH HEOOXOIUMOCTD MOHTHPOBATH (haitIoBble CHCTEMbI, OTIHIAIOIH-
ecst oT «poxuoity PC. OcobeHHO YacTO OHA BOZHUKAET B OPraHU3AIUSX, e Ucoiib3yiorcsd OC HeCKOJIbKIX
pasHbIx TUOB. /la 1 B oprannsanusx, paboraomux ¢ MOHOKY/IbTypoit MS DOS/MS Windows, Takast morpe6-
HOCTH BO3BHUKAET BCce dYalre. Bo-mepBbixX, mocTyn K daitiam Ha dailioBoM cepBepe OCYIECTBISETCS CyTie-

CTBE€HHO NMHBIMHM CHOCO6aMI/I, 9eM K d)aﬁHaM Ha JIOKaJIbHOM JUCKE, JazKe €CJIM Ha CEPBEPE CTOUT Ta 2Ke ,HOC C
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toit 2ke OC Tuna FAT. Bo-Bropsix, muckoBoas! 1t CD-ROM craHoBaTCs BCe JeIeBie U PACIIPOCTPAHAIOTCS

Bce mmpe. [Ipu srom crangapraas PC na CD-ROM — Bosce ne FAT.

Permtenve sToit mpobsieMbl IPUXOIUT B TOJIOBY Cpa3y — HeoOXomuM JpaiiBep ailjioBOi CUCTEMBI CO
CTaHJAPTHBIM HHTEPdEiicoM, TONOOHBIN ApaiiBepy BHEITHEro ycrpoiicTsa. EcrecrBenno, nabop dpyukiuii Ta-

KOTO JIpaifBepa JOJIKEeH ObITH CYIIECTBEHHO UHBIM:

mount — moutupoBarue @C. B zasucumoctu ot Tuna OPC napaMerps! 3Toi (DyHKIUN JIOJKHBI PA3/IMIaTh-
cst. s @C Ha JIOKAJIBHBIX JIMCKAX JOCTATOYHO MEPEIaTh CUCTEMHBIN MICHTU(PUKATOP MOHTUPYEMOI'O
jucka. st @C Ha yrajeHHON MallluHe Mbl JOJIXKHBI IIepe/laTh CeTEeBON ajpec 9TOW MaIlWHBbI U WM
Tpebyemoii aitoBoit cucrembl. Bo MHOrUX ciydasX NPOBOAUTCH PA3IUUNE MEXKJIY MOHTHUPOBAHUEM
OC s arennst/ Mo qudUKAIMU WM TOJBKO /IS YTEHUs: IIPU MOHTUPOBAHUU ¢ Mojudukameil ycra-

nasBaercs Quar sarpssuenus (dirty flag) ©C);
umount — pasmontuposanue OC;

GetFreeSpace nim df — nosyuenne nadopmarun o OC: obiree IpocTpaHcTBO, CBOOOIHOE IIPOCTPAHCTBO,

KOJTUIECTBO (halJIOB U T.JI;

FindFirst/FindNext nnu opendir/readdir — dbyukiun mis arennst u3 karanaora. Cuntanuyo uHbop-
MaIio HeoOX0IMMO IpuBecTH K gopMmary, npuastoMy B ganaoii OC. B gacTHOCTH, MOXKET OKa3aTh-
cs1 HEOOXO/IMMBIM COKPATUTD /MM Ipeobpa30oBaTh cuuTaHHble MMeHa daiiinos. Hampumep, npaiiBep
HPFS, ucnonbsyemsiit B smymsitope MS DOS, B cucreme OS/2 He BBIMOHSAET TAKOTO MPEOOPA30BAHUSL.

B pesynbrate DOS-0oBCKME TpOTpaMMBI He BUAAT (aiiioB M KATATOTOB C JTMHHBIMA UMEHAMA;

access — IIPpOBEpUTH CylIeCTBOBaHNE cbaﬁﬂa 1 BOBMO2KHOCTD JIOCTYIIa K HEMY B 3a/laHHOM DeXKUMe, HallpuMeDp,

JJIgd 9TCHUA UJIN JIJId 3aIIUCH;

stat — yHKIWs 1715 oy YeHust nHGopMalun o (aiisie ¢ 3amaHabIM uMeHeM. paiiBep @C mo/KkeH cIUTaTh
JocTynHyto mHMopManno o (aiiie u npuBectu ee K npunsTomy B OC dopmary. Ilpu sT0M, BO3MOK-
HO, IIPUIETCS IPOUTHOPUPOBATEH YaCTh CINTAHHON WHMOPMAINN, a APYIyIO 9acTh, HAIIPOTHB, ApaiiBep
BBIHY2K/IEH COUMHATHL caM. Tax jpaiiBep daitmopoii cucrembl FAT B OC cemeiictBa Unix BBIHYKIEH

COYNHSATDH UACHTU(PUKATOP X03sinHa (baiiia, mpaBa J0CTyIa U T.1.;
open — OTKPLITh CYIIECTBYIOMINIA HJIM CO3JaTh HOBBIM (haill ¢ 3 aHHBIM HMEHEM;
read u write — QyHKIINKM CINTHIBaHUS JAHHBIX 13 (paiijia U 3alUCH B HETO;
Iseek — nosunmonupoBanue B (aiiie;

lock — dyuknus (B geiicrBurenbHOCTH, HAGOD DYHKIMIT) 6JIOKUPOBKY Jjisi CAHXPOHU3AIUY JIOCTYTIa K (haity
mwim ero ydactkam. Ilogpobree o Hux cMm. B 1. 4.3.3. IIpu pabore ¢ jgokanpabiMu OC omnepanuu 610-

KHUPOBKU MOI'YT IIPOCJIE’KUBATHCS sIIPOM CUCTEMBI U HE JOXOJUTh 10 apaiieepa OC, HO mpu pabore ¢
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pazaensieMbimMu 110 cetrt PC OJIOKUPOBKY HEOOXOIMMO OTCJIEKUBATH Ha YPOBHE IIPOTOKOJIA Pa3IeIeHUsT

daitsios, mosromy npaiisep cereBoit PC 0b6s13an 3HATH O OJOKHPOBKAX.
close — 3akpoITh haii;
delete nau unlink — ynanuth daita win ero uMmsi;
link — coznare cBs3b ¢ daitom (HoBoe umst). asneko e Bce OC n OC mojyiep:KUBAIOT 3Ty ONEPAIUIO;
mkdir — cosmars karasor;

rmdir — ygaautsb Katasgor. OObIYHO Pa3pEIIeHO YIAJIEHNEe TOJIHKO IIYCTHIX KATAJIOIOB.
Kpowme cobersenno apaitsepa @C, 1715 ee TIOTHOMEHHON TOMIEPKKY HYKHBI CJIEIYIOIINE TPOTPAMMBI:

e nporpamma co3narusg OC — mkfs uau FORMAT;
e nporpamma kKoHTpoJist u nounHku OC — fsck mim CHKDSK;

e 1porpamma fstyp, Koropasi CMOTPHUT Ha JUCK U IBITAETCS] ONPEIe/UTb, «e€ 310 jauck win He e€. OHa

IIOJIe3Ha TP MOHTUPDOBaHUUN ®OC ¢ aBTOMATUYIECKUM OIIpeJIeJICHUEM €€ TUlla;

e IporpamMma mount, KoTopasg IpUHUMAET U3 KOMAHIHON cTpokm 3apucdamue oT tuna PC mapamerpsr,

IIPOBEPSeT UX JIOMyCTUMOCTDL W mHunnaansupyer apaiisep OC.

Hamnpuwmep, mucrpubyrus OC UnxiWare 2.0 ¢dupmbr SCO, ocroBannoit Ha UNIX System V R4.2, co-

JePKUT JpaiiBephl CJIeAYIOMuX (HPailJiOBbIX CUCTEM:

memfs — daiisoBas cucrema, pasMernaionias (aiabl B onepaTuBHOi namaTr. MoxKeT paccMaTpuBaThCA Kak

SKBUBAJIEHT BUPTyaabHOTO mncka B MS DOS.
dosfs — daitnoBas cucrema FAT.

XENIX - draitsioBas cucrema, ucnojibsyemast OC Xenix. 9ra @C 1o crpyKType Hoxoxka Ha ocTajbHble PC
OC cemeiicTBa Unix, HO He TIO//IEPKUBAET CUMBOJIMIECKUX CBsI3eil 1 OrpAaHNIUBAET JIJIMHY UMEHU (baitia

12 cumBonamu. HeycroitumBa K cOosiM.

s5 — «kJjaccuueckasiy OC; coxpaHuBIIAsACH TOUTH 0€3 M3MEHEHUIT C CAMBIX PAHHUX BEPCHIl CUCTEMBI — S5, 110-

BugnMomy, o3uadaer Unix System 5. OrpannunBaer ums daitina 14 cumpoamu. Heycroitansa K cO0siM.

ufs — daitnosast cucrema, paspaboranHasi B yHuBepcuTere Bepkiin, mssectnas takxke kak FFS (Fast File
System) u Berkley FS. fAsnsiercst ocroroit @C B GonbmmucTse Bepeuii BSD UNIX u nogaepkusaer-
cst muorumu apyrumu OC cemeiicrBa Unix. Vmeer 6ojiee BBICOKYIO IPOU3BOAUTEIHLHOCTH, YeM S, B
[EePBYI0 0Yepe/ib 33 CUeT pa3bueHus TabJIMIbl HHOJIOB U CIIUCKA CBOOOJIHBIX OJI0KOB HA yUaCTKH (IPYTI-

bl UIMHAPOB). Takoe pasOueHne yMeHbIaeT IepeMelnieHne TOJIOBKU JUCKOBOJIA MPU OOpAIleHun
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K CHCTEMHBIM U TOJIB30BATEIbCKNM JTaHHBIM. [lommeprkrBaeT AuMCKOBBIEe KBOTBI — OTDAaHUYEHHS HA
00beM JIMCKOBOI'O MPOCTPAHCTBA, 3aHATOro hafijlaMu TOro WM MHOTO moJib3oBaTess. OrpaHunduBaeT

nms daiisia pazmepom 6J10ka (066190 512 cumBosios). HeycroitunBa K cOosim.

bfs — Boot File System — 3arpysounast daiiioBast cucrema. drta OC mMeeT 04eHb IPOCTYIO CTPYKTYPY, OTYa-
cTH OXOXKYI0 Ha (haityioByto cucremy RT-11: Bce daiiyibl B Heil 06si3aHBI 3aHUMATH HEIIPEPBIBHOE IPO-
cTpaHcTBO. Takas CTPYKTypa yIIPOIIAeT MEPBUUHBIN 3arPY3UnK CUCTEMbI, KOTOPOMY Telephb HE HYXKHO
pasbupaTbcs B Karajorax W MHOJaX. bfs mMeer M0BOMLHO HUBKYIO IPOM3BOIUTENBLHOCTL M TPEOyeT
JJIUTEJIbHON TPOIeypPhl PA3MOHTUPOBAHUSI, €CJIM B Hee ObLIu 3anucanbl HOBble qanubie. OakTutiecku,
IIpA TaKOM Pa3MOHTHPOBaHUU Ipoucxoaut omnepamus cxkarus OC, skBupajieHTHass KoMaHie SQEESE
B RT-11. Vcnonb3yercsd s XpaHEHUs sSApa CHUCTEMbI, U HECKOJbKUX KOH(MUTYPAITMOHHBIX (DailioB,
HCIIOJIb3YEMBIX TP 3arpys3Ke. Bce 3Tu maHHbIE CIUTHIBAIOTCA TOJIBKO IIPU 3arpy3Ke CUCTEMbBI U IIepe-
3aIUCHIBAIOTCSA TOJBKO [IPU U3MEHEHUSIX KOH(MUTYPAITUH si/IPa, TIO9TOMY BBICOKAs IIPOU3BOINTEILHOCTD

ot s1oit PC me TpebyeTcs.

vxfs — ycroitauBas kK cbosasm PC Veritas ¢ perucrparueit Hamepennii. Bepcust, BXoJisiinasi B CTAHIAPTHYIO 110~
CTaBKy CHUCTEMBI, XKYPHAJUPYET TOJBKO CUCTEMHbBIE CTPYKTYPBI JAHHBIX. 38 OT/AEJbHYIO IJIATY MOXKHO
probpecTr «IIPOJABUHYTYIO» Bepcuio Veritas, KoTopasi 00ecieqnBaeT Ky pHAJIUPOBAHIE T10JIb30BATE b=

CKUX JIAHHBIX.
cdfs — QaitmoBas cucrema 777, ncnoabsyemas Ha CD-ROM.

nfs — Network File System — npaiiBep daiisioBoit cucrembl, obecrieanBatoniuil pasjesenue GailjioB ¢ UCIOb-
soBanueM cereBoro nporokosa TCP/IP. IIporokon NFS 6bur mpeoxken dupmoit Sun Microsystems
B cepesinbe 80-X I'T. U B HACTOSINEE BPEMs IOJJICPKUBACTCS TPAKTHIECKA BCEMU UJCHAMU CEMEHCTBa

Unix. NFS-kmentsr u NFS-cepsepsr peanuzosanbt Takzxe st VMS, Windows NT, Novell Netware, OS/2,

MacOS, MS/DR DOS u Windows 3.x/95.

rfs — Remote File Sharing — ucnosibzoBanue yrasennoit UNIX-cucrembl B KadecTBe (hailyIoBOro ceprepa.

Dror npoToko 6bL1 paszpaboran pupmoit ATE&T B 80-e I'T. 1 IPUrOIEH TOJILKO JJIsl COCJIMHEHUs] CUCTEM

UNIX System V.

nucfs NetWare Unix Client File System. Drtor apaiiBep npejHasHadeH i TPUCOEIUHEHUS K (DalIOBBIM
cepsepaM Novell Netware. On Bxomut B cocras cucrembr UnixWare, ocrasnstemoit hupmoit SCO, o He

B octasibble Bepcun UNIX SVR4.

JTrobonbirHO, uTo Jaxke MS/DR DOS sepcunii bime 3.30 nMeOT BO3MOXKHOCTb yCTAHABJINBATE JIpaii-
Bep aityioBoit cucteMbl. Takoit apaiiBep MOXKeT OBITH PEAJTU30BAH IIyTEM IIEPEXBaTa HEJIOKYMEHTHPOBAHHBIX

dyuknumit npepsBarus 0x2F — rpymnsl pyukiuit «Network Redirectors u «IFS». Takum o6pasom peaiuzoBan
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psiz cereBbix KanenToB st MS/DR DOS. K coxkasennio, aBTOpbI He CMOTJIH HANTH MOJHOIIEHHOTO OIIMCAHUS

9TUX (QYHKIHH.



I'maBa 9

be3omacHocTh

Just cause you’re paranoid don’t mean they aren’t after you.

Nirvana.
To, wmo s NaApaHouk, ewe He 03HAUAEm, Yo HUKMO He HAMEPEH

NPUHUHUMD MHE 8PED.

Hupsana.

[Ipobsiema 3aIuThl TOJIB30BATEIBCKUX JAHHBIX OT HEXKEJIATEJbHOTO MPOUTEHUS WUJIM MOIM(DUKAITIN
BCTaeT OYeHb YAaCTO M B CAMBIX PA3HOOOPA3HBIX CHUTYAIIUSIX — OT CEKPETHBIX 0a3 JaHHBIX MUHHCTEPCTBA
O60pOHbI 0 apXnBa IT1CEM K .HIO6I/IMOI71 ZKEeHIIIMHE. r[pI/I‘II/IH7 IIO KOTOPBIM ITIOJIb30BaTeEJ/Ib MOXKET 2KeJIaThb CKPbITH
nJj 3allTUTUTL CBOU JJaHHBIC OT JPYT'HUX, MO2KET 6bITI) OY€eHb MHOI'O, 1 B IIOJaBJIATOIIEM 60.HI)I_HI/IHCTBG cJIyvdacB
9TU IMPUYIUHDBI ,ZLOCTOIU/IHBI YBazKeHUA. Hy)KHO OTMETUTDH TaK2Ke, 9YTO IIO0 Mepe KOMIIbIOTEPpHU3allun O6I_U,eCTBa B
3JIEKTPOHHYIO (hOPMY MEPEHOCUTCH Bce OOJIbIie U OOJIBbINE JAHHBIX, KOHMUICHIINAIBHBIX 10 CBOEH IpUPOIE:

OaHKOBCKME cUueTa U JApyras KOMMepdecKass nH(GOPMAId, UCTOPUU OOJIE3HU U T.I.

BamnTa JAHHBIX IMTPpaKTUYE€CKU HE MMEEeT CMBbBbICJIa 0e3 3alllThI caMOli CUCTeMBbI 1 IIPUKJIQJIHOIO IIPO-
I'PaMMHOTO obecCIIeYeHs: eCIu 3JIOYMBINIJIEHHUK MMEET BO3MO2KHOCTD MO,HH(bHHHpOBaTb KO/l CUCTEMBI HJIN
HpHKJIa,ILHOfI IIporpaMmMbl, OH MOXKET BCTPOUTHL B HETO <«TPOAHCKHE» IIOAIPOrpaMMBbl, OCYIIECTBJIAIOIINEC
HeC&HKHI/IOHI/IpOBaHHbel JOCTYII K JaHHBIM. KpOMe TOro, cjaeayer y4duTbIBaTb BO3MO2KHOCTHL IIPOHUKHOBE-
HUA B CUCTEMY C IIEJIBIO PAaCCTPOUTDH €€ pa60Ty — U3 IIPOCTOI'0 CIIOPTUBHOT'O MHTEPECA, C IEJIbIO JUBEPCUN NJIN

2Ke 4TOOBI OTBJIeYb BHUMAHUE AJIMUHUCTPATOPpa OT HECAaHKIUOHNUPOBAHHOI'O AOCTYIIa K JaHHBIM.

Yacro B3JIOM cHCTeM H HaIIUCAHHE BHUDPYCOB pa/ii pa3BJ€e4YCHH:d IPpHUPpaBHUBaOT K O6bI‘IHOMy BaHIAaJ/JIN3MY.
C To4yku 3pEHHs aBTOPOB, 9THU ,ZIGIZCTBHH BCe-TaKHd OTJIHYAIOTCS OT OUTHS CTEKOJI UJIA OTpbIBaAHUSA Tp‘Y6OK y
Teﬂed)OHOB-aBTOMaTOB.' BaHAaJIU3M IIPDEJ/ICTaBJIACT co00H aKT YHCTOIO pa3pyliieHns, B TO BPDEMsS KaK B3JIOM
KOMHbIOTepHOfI CHCTEMbI Tpe6yeT HeKOTOpOfI HHTeJUIeKTyaJIbHOfI AesATe/IbHOCTH, KOTOPYIO IIPDU 2KeJIaHUH MO2K-

HO pacCIleHUTh KaK CO3UJATEJIbHYIO. BipoueM, ¢ TOUKH 3pEHUs] MOCTPAJIABININX PA3HHUIIBI MEXKJIY ITHMU Jeki-
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CTBHSIMH NPAKTHIECKH HET: SMOIIUHN T10JIb30BATEIsI, Y KOTOPOT'O MPOHaJI JeHb PAOOTHI B PE3Y/IbTaTe BUPYCHOL
aKTHBHOCTH, MaJIO OTJIMIAIOTCST OT SMOI[HI 9e/I0BEKa, KOTOPBIH He MOXKeT BOBPEMS MO3BOHUTH IO TEIE(OHY,

U CHJIbHEE BCEro B 0OOHX cJIydasX yrueraer sBHasl 6eCCMBICJICHHOCTD BpPEZIOHOCHOI'O ,JGI;'ICTBHH.

Korma rosopsit o 6e3omacHocTi, BCerjia pacCMaTpPUBAIOT 3aJ[aUd 3aIlUThl KaK JAHHBIX, TaK U IIPO-
rpaMMHOIO obecriedeHust B KOMILIEKCe. B HEKOTOPBIX cilydasX [POrPaMMHOE 0OecliedeHrne MOXKHO PaCCMaT-
puBaTh Kak 0co0yio (OopMy JAHHBIX U PEIIaTh MPOOJEMY €ro 3allUTbl TEeMH K€ CPEJCTBaMU, U9TO U JIJIsd

JaHHBIX.

Ocoboit 3amuTOoll BCeria OKPYKAITCs KOJI, CUCTEMBI U e KOH(DUT'YpaIlHOHHBIE JaHHBIE. DTO HEOOX0-
JUMO HE TOJIBKO JIjIsl TOrO, YTOOBI 3aIl[UTUTHCA OT HECAHKIIMOHUPOBAHHOIO JOCTYIA, HO U JJIsi 3aIUTHI OT

IIOBpE2KIeHNdA CUCTEMbI « CAHKITMOHUPOBAHHBLIM» IIOJIB30BaTEJIEM I10 omnoKe.

B HOIIYJIAPHBIX Hy6JII/IKaHI/IHX, IIOCBAIIIECHHBIX TEeMe KOMHbIOTepHOfI 6630HaCHOCTI/I, JaCTO IIPpUXOJUTCHA
BUAETH aHAJIOTHIO C U3BECTHBIM COPEBHOBaHUEM CHapsdda 1 6pOHI/II [ocJie IodABJIeHud OoJiee MOIHHOI'?‘I 6pOHI/I
Bcerga 1noABJIAI0OTCA CIIOCODHBIE €€ OPeOo/I0JIETh CHAPAAbI U TaK JdaJee 10 oeckoneynocTu. Ha B3IJIAT aBTOPOB,

TaKasd aHaJIOTUd BECbMa HEyJavdHa.

Jlesto B TOM, Y€JIOBEYECTBY HEM3BECTHO UIEAJIBHON — abCOIIOTHO HEmpobuBaeMoil — OPOHH, HO OYEHD
JIEPKO MOYKHO TIPEJICTaBUTH cebe abCOIOTHO HEIPOHUIAEMYIO CUCTEMY 3alllUThl JAHHBIX: 3TO CHCTEMa, B KO-
TOpO#i JaHHbBIE HEJOCTYITHBI BOOOIE HUKOMY W HU IIPU KAKUX 00CTOATEIbCTBAxX. [IOHSITHO, YTO IPaKTHIECKOI
[IEHHOCTHU TaKasl CHCTeMa He HMeeT, HO IIpobJjeMa HeCAHKIIMOHHPOBAHHOIO JIOCTYIA B 9TOM CJIydae pelleHa

IIOJTHOCTBIO.

YT10o06bI TpUIATH CUCTEME TIPAKTUIECKYIO IIEHHOCTD, HEOOXOIMMO KOMY-TO U IIPU KAKUX-/T100 YCIOBUIX
BCe-TaKU Pa3peminTh J0CTyIl. I[[oHSITHO, ITO TaKO# OTXO OT uIeasia Ae1aeT CUCTEMY HOTEHITUAIBHO YSI3BUMOM
nist atak. [JoHITHO Tak»Ke, YTO BCe aTaKW JOJKHBI OBITH HAIEJEHBI Ha KAKOe-TO HECOBEPIITEHCTBO CHCTEMBbI
3aIlUThl — HET U HE MOXKET ObITh YHHBEPCAJIBLHOIO TUIIA aTaKHU, CIIOCOOHOTO IMPEOIOJIeTh JIIOOYIO 3alluTy.
Jlaxxe paciugpoBKa KPUIITOTPAMM METOIOM «I'Py0oil cujibl» — mMOJHOTO mepedbopa — Kak MUHUMYM TpebyeT

IIoJiydeHnsd JOCTyIla K 3aH_H/ICprBaHHI)IM JAHHBIM, 9TO MOKET OKa3aTbCd HEBO3MOXKHBIM.

Ckazannoe CIIpaBEeAJINBO JIMIIL JJIsd CUCTEM, 0e3011aCHOCTD KOTOPBIX CTPOUTCHA IIO IIPUHIIUILY <«3a-
IpenreHo Bce, KpoMe Toro, 9To OBLIO Pa3peNnieHo ABHbIM o6pa30M>>. ITo 9TOMY HIPHUHIIUITY CTPOUTCA 3alllUTa
HIPAaKTUICCKHN BCEX COBPEMEHHBIX CUCTEM O6HJ;6I‘O HaszHaudeHusd. B Takux cucremax HeCaHKHI/IOHI/IpOBaHHbIﬁ 0-
CTYII MO2KET IITPOUCXOJIUTD JIMIIb U3-3a HECOBEPHICHCTBa CPEACTB 3alllUThI 1 B KaK/IOM CJIy4da€e METO/, JJOCTYyIIa

OKa3bIBa€TCd OCHOBaH Ha BIIOJIHE KOHKPETHOM HECOBEPIIICHCTBE.

Ecu ke cTpouTs 3auTy Ha IPUHITAIE «PA3PEIIEHO BCe, KPOME TOT'0, UYTO 3AIIPEIIEHO» , TO AHAJOTUSI
c OpoHell U CHAPSIOM OKa3bIBAETCS BIIOJIHE aKTyajbHA: pa3pabOTIMK CHUCTEMbI OE30IIACHOCTH II€PEKPHIBAET
JIVIIIB Iy TH, 0 KOTOPBIX JOIILIa ero (paHTa3msI, BCe YKe 0CTAJbHOE IIPOCTPAHCTBO METOIOB JOCTYIIA OKA3BIBaA~
eTCsl HellepEeKPBITO. XapaKTEePHBIM IIPUMEPOM MOXKET CJIy?KUTh 3BOJIIONNST AaHTUBUPYCHBIX cpeacTs st DOS

7 TTapaJiiebHast 9BOJIONNS TEXHOJIOTUN paspabOTKH BUPYCOB.
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CoBepIleHCTBOBaHUE CPEJICTB JOCTYIA K JAHHBIM U UX Pa3J/IeJIeHUs] MEXK/Ly I10JIb30BaTEIsIMU BCETIa
[IOPOXK/IAET U JIONOJHATEIbHbIE BO3MOXKHOCTA HECAHKIIMOHUPOBAHHOTO jocTymna. Haubosiee sipkum mpume-
POM SIBJISIIOTCS COBPEMEHHBIE IVIODAJILHBIE CETH, KOTOPBIE MPEIOCTABISIOT JIOCTYI K OIPOMHOMY OOraTcTBY
nHAMOPMAIUOHHBIX CPEJl. DTH YKe CETHU MPEJICTABISIOT CEPhE3HYI0 YTIPO3y 0€30ITaCHOCTU MOAKIIOUAIONINXC K
ceru opranuzaiuii. OcHOBHast crieluduKa yrpo3bl 3aKJIIOYAETCS B TOM, UTO 3JI0YMBIIIJIEHHUKY 3HAYUTEb-
HO Jierde 00eCIevYuTh CBOI0 AHOHUMHOCTH JlaXKe B ciiydae obHapyxkeHus daxta B3joma. [lostomy B Hatire
BpeMs IJIODAJIBHBIX OTKPBITHIX HH(MOPMAIMOHHBIX CHCTEM MPOOJIEMbI OE30ITaCHOCTH MPUOOPETAIOT OCODYIO

BazKHOCTb.

Uneanpuas cucrema 6€30IACHOCTH JIOJI?KHA 0DECIIEIMBATH MUHUMAJIbHBIE TPYIHOCTH JJIsT CAHKITHO-
HUPOBAHHOI'O JOCTYIA K JAHHBIM W HEIPEOI0JUMbIE I HECAHKIIMOHUPOBaHHOTr0. Kpome Toro, oHa J0/KHA
obecrieanBaThL JIETKYIO0 W THOKYIO CUCTEMY YIIPABJIEHUST CAHKIMIMUI; BO MHOTHX CJIydasdX ObIBAET TaKKe I10-

JIEBHO OTCJIE2KUBATDh BCE IOIBITKN HECAHKIIMOHUPOBAHHOTO JOCTYIIa.

BosbmmHCTBO COBpEMEHHBIX MHOI'OIIOIb30BATEIbCKIX CUCTEM OKA3BIBAIOTCsI BECbMa OJIN3KU K HJIeasIy
— HCIIOJIb3yeMble MOJIE/IM BbIIad9d CAHKIIAN SIBJIAIOTCS TeOpeTHudecKu <«HempobuBaeMbiMu". K coxkalieHuio,
MMPAKTUIECKHE PEeaJTU3aIUNd ITUX MOJIEIeH Mo I9ac OKa3bIBAIOTCS HECOBEPIIEHHBIMU U COJIEPIKAT OIHOKH.

[TTupoko m3BecTHA U3BECTHA OIMMOKa B mporpammoe fingerd, pxogusineii B cucremy BSD Unix. Dra nporpam-
Ma IPUHUMAJIA JTAHHbIE B Oydep, BbIIEIIeMblil B IOKAJIFHOM CTEKE, HE IIPOBEPsIst, BXOIUT JIX IIPUHIMAEMas TOPIUS JTaH-
HBIX B Oydep. VckyccTBEHHO BBI3BAHHOE IIEPETIOTHEHIE MOIVIO IIPUBECTU K IIEPE3AINNCHA CTEKOBOIO KaJpa IIPOIELYPHhI,

KOTOpOE B CBOIO o4epe/lb IIPU BO3BPaTe U3 HOAIPOrpaMMbl MOLJIO IIPUBECTH K Ilepejade yIIpaBJIeHUsA B HexKeslaTe/IbHOe

MeCTO.

«Yepsik Moppuca» ([23]) mosnb3oBaiics 9Tol AbIpoii, HepesaBasi KYCOK KOJa M HOJJEIBbHBIA CTEKOBBIi
KaJIp, MepeJaBaBIIuil yIpaBjaeHue Ha 3TOT KoJ. Ko B ¢BOIO oduepe/ib 3aIyCcKasl Ha, IIeJIEBOM CUCTeMe KOITUIO KOMAaHTHO-
0 MHTEPIPETATOPA, UCIIOJTHSIBIINYIOCS C TPUBUJIETUSIMU CYIIEPIIOIb30BATENA, 3aTEM YePBb MCIIOJIb30BAJI [TOJIY Y€HHbII

KOMaH,B;HbeI HUHTEPIPEeTaTop JAJid BTATMBaHUA B CUCTEMY CBOEr'o TeJjla.

Ommubka Gblta obHapykena B 1987 . u Bckope Tocsie obHapy:KeHHsi Oblaa WCIpaBjeHa. [IpakTudyeckun Bce

COBPEMEHHbIE CHCTEMBI UCIIOIB3YIOT OE30IIaCHYIO0 B 9TOM OTHOIIEHNU Bepcuio fingerd.

Amnastornunas ommubka 6puta obHapy:kena B 1995 rogay B mporpamme syslogd HEKOTOPBIX KOMMEDPUYECKUX Bep-
cuit Unix.

B oboux ciaydasx ommbOka CBsi3aHa C UCIOJb30BaHWeM Oubimorednoit dyukimn gets(char * buf), koro-
pasi IPUHUMAET OTPAHUYEHHYIO CHMBOJIOM ’\n’ CTPOKY [aHHBIX M3 CTAHIAPTHOIO IOTOKA BBOJA, HE MPOBEpss Oy-
dep na nepenosinenue. B macrosimee Bpemst GQyHKIHMA gets [O/JIEPKUBAETCS JIUIIB JIJIsI COBMECTUMOCTH U HCIOJIb-
3oBaTh ee He pekomenjyercs. Bmecro mee cramjapThl ANSI C u POSIX pekomenayior ucrmosib3oBarTh (GyHKIUIO

fgets(FILE * stream, size_t bufsize, char * buf);, KOTOpas OCyIIECTBJISIET IPOBEPKY Ha IE€pPENOJHEHUE.

B auBape 1996 roma 6bL1a obHapy2KeHa MpobjeMa, co3maBaeMasi OJHUM M3 aAHTUBUPYCHBIX IAKETOB
i Windows NT. OTor maker npegaasHaden He I OB BUPYCcoB B camoit NT, moroMy 4To aHaoru BuUpy-
coB JIOC B 3amuineHHbIx MHOTOMoIb30Barebckux OC npakTudeckn Hexku3Hecrocobubl. OH mpeHa3HaueH

JIJIST UCTIOJIB30BAaHUS Ha, CUCTEMax, paboTalonux B KadecTse (hailJIoBOro cepBepa n XpaHsIuX Ha CBOUX JTUCKAX
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npukaaaabie nporpammer 1t DOS/MS Windows, ncrosib3yemMble cTaHIUSMI JIOKAJTBHON CETH.

Pabouasi vacTh mnakera COCTOMT W3 mporecca-jemona (wau, 1o repmunosiornun NT, cepBuca
(service)), KOTOpBIi MEPUOJANIECKH CKAHUPYET HUCIHOJHsieMble (Gailibl Ha JIMCKAX C IIEIbI0 MOUCKA B HUX
CUTHATYD WM3BECTHBIX BUPYCcOB. CepBUCHBIN MPONECC UCIOJHSETCSI ¢ MPUBUJIETHSIMUA aIMUHUCTPATOPA JIJIsT
TOro, 9TOOBI YCTAHOBJIEHHBIE TI0/TH30BATE/ISIMU aTPUOYTHI 3AIMUTHI OT YTCHUS WJIU 3aIlUCU HE MeIIal CKaHU-

POBaHUIO W «JICUCHUIO» 3aPAKEHHBIX (Pail/IOB.

HpI/I yCTaHOBKE IIaKeTa IIpOrpaMMa-UHCTAJJIATOP CO3AaBaJjia B CUCTEME II0JIb30BaTe/Id C aIMUHUCTPa~
TUBHBIMU IIPUBUJICTUAMU W I'€HEpHUpOBaJia IJId HETrO I1apoJib. Hp06ﬂeMa COCTOdJIa B TOM, 9TO I3TOT IIapOJIb
ObLII0O OTHOCUTEJILHO JIETKO yragarb. HpI/I 9TOM HH IIpOI'pPpaMMa YCTaHOBKHU, HU JOKYMEHTaIllsA HAIETO HE C000-
1aJin a IMUHHUCTPATOPY O CO3aHUU ITOJIb30BaTE/Id, IIOTOMY ITPAKTUIECCKHN BO BCEX CIydasdAX aMUHHUCTPATOPBI

HE MEHAJIN aBTOMaTHUY€CKN CFeHepI/IpOBaHHbel 1apoJib.

A ivuHECTpaTOpP JII000H MHOTOIIOJIB30BATE/IbCKOM CHCTEMBI 00sI3aH CJIEIUTD 38 IOSIBJISIFOIIUMUCST CO-
obreHusIMU 00 OOHAPYKEHHBIX OIMMOKAX U «JIbIpax'"B cucreMe 6e30MAaCHOCTH U IPUHUMATD MEPBI JJIs yCTpa-

HeHUA 1M KOMIICHCAIIIN BO3HUKAIOIINX HpO6JIeM.

O6bIYHO BbIIava CaHKIH (1asee Mbl 6y/1eM OOBIYHO UCIIOJIB30BATh CJIOBOCOYETAHNE IPABA JOCTYIIA)
OCYIIECTBJISIETCST HA OCHOBE IMOJIb30BATE/IBCKIX UACHTUPUKATOPOB. KaxkmoMy moJIb30BaTe 0 CUCTEMbI BbIIE-
sisiercs uieHTuguraTop. OOBITHO TAaKOM MIEHTH(MUKATODP UMEeT JIBe (DOPMbBI: YUCIOBOI KO, UCIIOJIb3yeMbIil
BHYTPU CHUCTEMBI, I MHEMOHUYECKOE CUMBOJIBLHOE UMs, UCIIOIb3YEMOE IIPU ODIIEHUH C MTOJIb30BATEIEM.

Hampumep, B cucremax cemeiictsa Unix moJib3oBaTe b WHIEHTH(MOUIUPYETCsT TEJIOYNCIEHHBIM 3HaYeHrneM uid
(user identifier). ITosib30BaTesIb MOKET HMETH TaKKe CUMBOJIbHOE NMsi. COOTBETCTBHE MEXK/y CHMBOJILHBIM U YHCJIIO-
BBIM HJIEHTH(MOUKATOPAME YCTAHABINBAETCHA HA OCHOBE COJIEPKUMOrO TeKCcToBOro daitna /etc/passwd. Kaxknas crpo-
Ka TOro ¢aiijia OMUCHLIBAET OJHOTO MOJIHL30BATE/sT U COCTOUT M3 CEMHAJIIATH MOJIeil, pa3aeeHHbIX cuMBoIoM : 2. B
[IEPBOM I10JI€ COJEPXKUTCsI CUMBOJIBHOE MMEHsI ITOJIb30BATE s, BO BTOPOM — YUCJOBOW MJIEHTU(MUKATOD B JECATHIHON

zammcu. OcTajabHbBIE TIOJIS CONEPKAT APYTHUe CBEIEHUS O MOIb30BATENe, HAIIPUMED, €ro TOJHOE UM,
[Tonb30BaTEILCKIE TPOTPAMMBI MOT'YT YCTAHABJIMBATH COOTBETCTBUE MEXKJIY IHCJIOBBIM U CUMBOJIBHBIM UJIE€H-
TUUKATOPAMEI CAMOCTOSTEIBHO, IIyTeM ITPOCMOTPa (haitra /etc/passwd, nin UCIOIB30BaTh ONOIMOTEdHbIE (DYHKITHH,
onpe/iesientbie ctaggaprom POSIX. Bo Mmuornx peanusarusix 9mu (DyHKIINN HCHIOJB3YIOT BMECTO /etc/passwd HHIEKCH-
pOBaHHYIO 6a3y JaHHBIX, a caM (ailsr /etc/passwd COXpaHsIeTCs JIUIID JJIsi COBMECTUMOCTH CO CTAPBIMU IIPOTPAMMAMHU.
Hy>xHO0 0OTMETHTB, 9TO COOTBETCTBHE MEXK/Iy CUMBOJIBHBIM U 9UCIOBBIM uieHTHduKaTopamu B Unix He sBiser-
cs B3aUMHO 0/THO3HATIHBIM. OHOMY U TOMY K€ UNCJIOBOMY HIACHTU(PUKATOPY MOYKET COOTBETCTBOBATH HECKOJIBKO MMEH.
Kpome toro, B Unix MOXKHO cO31aTh OOBEKTHI C IHCJIOBBIM Uid, KOTOPOMY HE COOTBETCTBYET HUKAKOTO CHMBOJIBLHOTO

MMEHU.

Yarre Bcero mcmosb3yeTcs MPUHIUIT ceccuii paboTol ¢ Marmunoil. B Hadase paboTsl 1m0/ 1630BaTE/H
yCTaHABINBAET COEIMHEHNE M «BXOAUT» B cucTeMy. IIpm «BXome» MpOUCXOAUT €ro maeHTUdUKAII. 3aTeM
MTOJIb30BATENb TTPOBOJIUT CEAHC PAbOTHI € CHCTEMOM, a MO 3aBEPIIEHUHN ITOTO CEAHCA PA3PETUCTPUPYETCs.
CeaHc mm ceccust JKECTKO CBSI3AHBI C OIPEIEJICHHBIM TEPMIHAIOM ¥ /TN OIPEIEJICHHON MAIINHON B CETH.

[Tpu pabote B ceTn ecTh Opeie/IeHHbIE HIOAHCHI, HO OHU OYIyT 00CYKIAThHCA HUZKE.
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BousbmuacrBo coBpemenubix OC MO3BOJIAIOT TAKXKe 3allyCKaTh 3a/IaHus 0e3 BXO/1a B CUCTEMY U CO3/1a~
nus ceccun. Tak, cucrembr cemeiicTa Unix mIpeocTaBIsgioT BO3SMOXKHOCTD T10JIb30BATEISIM 3aITyCKATh 3a/1a91
B 3a/laHHble MOMEHTBI ACTPOHOMHYECKOI'0 BPEMEHHU WJIM [I€PUOJUYECKH, HaIpUMep, B 4aC HOYU B IATHUILY
Kaxk70# Hemenn. Kakmas Takas 3aJatda NCHOJTHSETCS OT UMEHU ONpPeeSIEHHOTO IOJIB30BaTeNsl — TOT0, KTO
3aIPOCUJI 3aIyCK 3aJa4un. s ypaBiieHus: IpaBaMu JIOCTYIIa B TAKUX CUTYaIlUsdX UJIEHTUMOUKATOD O30~

BaTeJId aCCOIMUPYETCA HE C CeCCHefI, a C OTACJIbHBIMU 3a/JlaHUAMUA, a OOBIYHO JazKe C OTACJIbHBIMUA 3aJaaMU.

Tak, B cucremax cemeiicrea Unix ¢ kaxoii 3ajadeii (mporeccoM) CBs3aHO J(Ba HJEHTH(MUKATODA
I0JIb30BaTe/Is: PeaJIbHBIN 1 3 PeKTUuBHBIN. B 00/bIUHCTBE CUTYAIN 9TU HACHTU(DUKATOPHI COBITA,IAIOT.

Takum O6p&30M7 KazKJ1asd 3a1a4da 00s13aTE/IbHO UCIIOJIHSAETCSA OT UMEHH OIIpEeICJICEHHOI'O IIOJIb30BaTEeJIAd.

BosbmuacTBo coBpemennbix OC 00IIero Ha3HAYCHUS TAKYKE CBA3BIBAIOT C KAXKJOW 3aJlavueil uIeHTH-
duKaTOp 1MoIE30BaTEIS I KOHTEKCT AocTyImasecurity context. VckiioueHneM B 5TOM OTHOIIEHUH SIBJISET-
cst OS/2, B KOTOPOIT TakOro cBsi3biBanusi He mpoucxoauT. OS/2 1M03BoJIsSIET ACCONUNPOBATH TI0JIb30BATEIHCKIE
UIEeHTHMDUKATOPBI U TIpaBa JocTyma ¢ daitjgamu, HO He ¢ 3agadamu. W nenTudukaropsl xo3sinaa ¢aitia uc-
MOJIB3YIOTCSI POTPAMMAaMU CETEBOro pasjenenus aitios, nanpumep IBM LAN Server, Ho Best mpoBepka mpas

JIOCTYTIA U UACHTU(DUKAIIS [T0JIB30BATEIIs ITPOUCKOJIUT BHYTPHU 3aJladn-cepBepa, a He Ha yposue OC.

OtrcyrcTBrE pas3/ie/IbHBIX KOHTEKCTOB JIOCTYIIA Y 3ajad He [MO3BOJIsSeT ucnosb3osarb 0S/2 kak MHO-
TOIOJIE30BATEILCKYIO CHCTEMY. JTO JaeT OCHOBAHNE MHOIMM KPHUTHKAM TPAKTOBATDL Ha3BaHNE CHCTEMBI KaK
«OC momosam»: cucreMa, B KOTOPOW OTCYTCTBYeT MOJIOBHHa (byHKIU, TpebyeMbix or coBpemennoit OC

0011ero Ha3HAYCHUSI.

9.1 Wpentudunkaiys moIb30BaTes

Ilemau dseprivie
Mnozum ckpunsam, MHo2uM NOWM:
«Kmo 6wt maxue,

Bac 3decov ne orcdym!»

B. Buicouyxudi.

[TousTHO, 9TO €ciu mpaBa AOCTYIIA BLIIEJAIOTCS HA OCHOBE MAIUHHOIO UJIEHTU(DUKATOPA IIOJIH30-
BaTessI, TO BOBHUKAET OT/e/IbHas Tpob/ieMa yCTAHOBICHUSI COOTBETCTBUS MEXKIY ITUM MAINMUHHBIM UJIEHTHU-
$UKATOPOM U peasibHBIM YeJTOBEKOM. TaKoe COOTBETCTBUE He 00s13aHO OBITH B3AMMHO OJHO3HATHBIM: OIUH
9€JI0BEK MOYKET UMETb HECKOJIbKO UAeHTH(MDUKATOPOB Wi HA000POT, HECKOJIBKO U€/IOBEK MOTYT IT0JIb30BATHCS

omauM ujaenTudukaropoM. Tem He MeHee CIIOCOd yCTAHOBJIEHUS TAKOTO COOTBETCTBUSA HEOOXOINM.

[Mo-anrymiicku mporiece Bxoja B cucremy HasbiBaercs login (log in) u npoucxogur or ciosa log,

KOTOpOe 0003HAYAET PEruCTPAIMOHHBIN XKYPHAJ UJIN MPOIECC 3AlMCA B Tako#l Kypuas. Haubojee TounbIM
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epeBosioM ciioBa login! siisiercss permcrparusi. CooTBETCTBEHHO, MPOIECC BBIXOJA Ha3biBaeTcs: logout.

Ero Tounasi pycckosi3apidHasi Kajbka — Pa3perucTpalys — K COXKaJIeHUI0, OYeHb HeDJIaro3yvHa

TeopeTrdeckn MOYXKHO NPUIYMATb MHOI'O PAa3HBIX CIIOCOOOB MICHTU(MDUKAIMN, HAIPUMED, C UCIOJIb-
30BaHUEM MEXAHUYECKUX WA SJCKTPOHHBIX KJIIOUel WM JaXKe TeX WJIM UHBIX OMJIOTUYIECKUX ITapaMeTpPOB,
HAIIPUMeD, PUCYHKA TJia3Horo jpaa. OHaKO Bce TaKue CIoCOoObl TPEOYIOT CHEeIHaIbHON U 3a9aCTyI0 JTOBOJIBHO
noporoit annaparypbl. Hanbosiee mupokoe pacripocTpaHenue moaydusi 0ojee mpocToil MeTo, OCHOBAHHBIM

Ha CUMBOJIBHBIX ITapOJIAX.

Hapom) npejacTraBjider coboit II0CJI€e JOBATECJIbHOCTD CHUMBOJIOB. HpegnonaraeTCH, 9TO IIOJIB30BaTEJ/Ib
3allOMHUHAET €€ 1 HUKOMY HE€ PaCCKa3bIBaECT. OroT METO/L XOpoIlI TeEM, 9TO JJId €ro UCIIOJIb30BaHWA HE HY2KHO
HUKaKOI'O JOIIOJIHUTEJIbHOI'O O60py,H,OBaHI/IH — TOJIBKO KJIaBHaTypa, KOTOpasd 1 6e3 Toro HeO6XO,Z[I/IMa. Ho sTor

METO/[ UMeET U DA HEeJOCTAaTKOB.

Ucnonp3oBanue mapojeil OCHOBAHO Ha, CJIEAYIONIUX TPEX IMPEIII0I0KEHUIX:

® I10JIb30BATEb MOXKET 3aIIOMHUTH AaPOJIb;
® HUKTO HE CMOXKET JIOraJIaThCsl, KAKOH 11apoJib ObLI BBIOPAH;

® [I0JIb30BaTE/Ib HUKOMY HE paCCKazKeT CBOI napoJib.

HOCJIQ,ZLHGG IIPEAIIONIO?KEHNE KazKEeTCdA Pa3yMHbIM: €CJIN 9Y€JIOBEK MO2KET rZ[O6pOBOJH)HO KOMY-TO pacCCKa-
3aTh CBOI napoJib, C IPUMEPHO TOH 2Ke BEPOATHOCTDBIO 3TOT YEJIOBEK MO2KET CaM CleJIaThb ITaKOCTb. BHpoqu,
YeJIOBEKa MO2KHO 3aCmasuimsd pacCKa3aTb 11apoJib. . . O,ZLHaKO 3alllliTa OT TaKHX CHTyaLLHﬁ Tpe6yeT 0CODBIX

Mep, KOTOPbIe HE MOI'YT ObITh 00eCIIeYeHbl HA YPOBHE OIEPAINOHHON CHCTEMBI.

Ecmu Baymarbes, mepBbie n1Ba TpebOBaHUsI OTIACTH MPOTUBOpedaT Apyr apyry. KoamdecTBo Jjierko
3aIIOMUHAEMBIX TTapOJIeil OrpaHndeHo, u mepedbparh Bce TaKue IapoJid OKa3bIBAeTCs He TaK yK CJI0XKHO. M3-
BECTHBIN B mcropun cetn Internet «aepssik Moppucas 2 [23]. HCITOJIb30BAJI IIPH TOI00pE MapoJIeil CIeIyonimue

BapuaHTDbI:

® BXO/JHOE MMs ITOJIb30BaTEJIAd;
® BXOJHOC MM C CMMBOJIaMH B O6paTHOM IIOPpAJAKE — «3a/I0M HallepPpe» |

® KOMIIOHEHTBI TI0JIHOTO MMeHHU T1oJib3oBaress — uMst (first name), damumimio (last name) u apyrue Kom-

IIOHEHTBI, €CJIN OHU €CTb;

1B OOBIYHOM AHIVIMMCKOM SI3BIKE TAKOT'O CJIOBA HET, HO B KOMHBIOTGpHOfI JICKCUKE CJIOBa lOgil’l n logout IIPUKUJIUCh OYE€Hb

IIPOYHO.

2 «Yepssik Moppuca» 3aciIy>KHBaeT OTJEJIBLHONO ¥ BEChMa IHOJPOGHOrO o6Cy»KieHusi. Dra nporpamma B 1987 r. mopasmia
HECKOJIbKO COTeH y3Ji0B ceTu Inernet. YepBb NMpoM3BOAMII KOMIUIEKCHYIO W JIOBOJIBHO XOPOIIO IMPOLyMAHHYIO aTaKy, HPOJie-
MOHCTPHMPOBABIILYIO He TOJIBKO crenndudeckue u3bsaubl 6esonacnoctu Torgamunx OC cemeiicrBa Unix, HO 1 HECKOJIBKO (yH-
JaMEeHTAJIbHBIX TPOo0JIeM KOMIIBIOTEPHOI Ge3omacHocTh. 110 MHEHMIO aBTOPOB, CEPbE3HOE U3ydeHHe MPobJIeM KOMITbIOTEPHOM

6e30IacHOCTH B HaIlle BpeMsI HEBO3MOXKHO 6e3 ydera onblTa «4depBs Moppucas.
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® T¢ K€ KOMIIOHEHTBI, HO 3a/J0M HaIlePEeI;

e cjioBa M3 3apanee ompeeieHHoi Tabunb 13 400 s1eMeHToB; Bosibias YacTh YCIEINHO MoA00paHHbBIX
napoJieit Oblia B3sgTa U3 3ToN Tabsunbl. lociae monMku wepBst Tabaura Oblaa OMyOJTHKOBAHA C TEM,

9TOOBI II0JIL30BATE/IN HE IIOBTOPAJIN CTapbIX OIJ_II/I6OK3.

C mepBoro B3IVIsiJia BUJIHO, UTO TAKUX <«JIETKO 3allOMUHAEMBIX» BAPUAHTOB JIOBOJIBHO MHOI'O — HUKAK
HE MEeHbIIle HECKOJIbKUX cOoTeH. Habop mxX BPYUYHYIO 3aHsI Obl OY€Hb MHOTO BPEMEHM, HO JJIs KOMIIBIOTEPA
HECKOJIBKO COTEH BAPUAHTOB — 9TO JIOJU CEKYHIbI. XOTsl. . . [lepBbiil /10 321U Thl OT OAOOPA TAPOJIST 3aKTEO-
YaeTCsi UMEHHO B TOM, 9TOOBI YBeJIMYIUTH BpeMsi 1moi0opa. OOHapYKUB HENPABUJIBHBIN [1apOJib, HAyIeHHBIE
TOPHKUM OIBITOM COBPEMEHHBIE CUCTEMBI JIeJIal0T I1ay3y, IpexK e YeM MMO3BOJIAT IIOBTOPHYIO IOIIBITKY BXO/Ia
c Toit ke JimHUU. Takas Iay3a MOXKET JJINTbCS BCErO ONHY CEKYHJY, HO JaXKe dTOr0 JOCTATOYHO, UTOOBI

[IPEBPATUTD MIPOIIECC T0I00pa TAPOJIST U3 H0Jdeil CeKYHIbI B JIECITKA MUHYT.

Bropoit coit 3amuThl 3aKII0YAETCS B TOM, 9TOOBI YCJIOKHUTL MApOIh W TEM CAMBIM YBEJIWYUTH
KOJIMIECTBO BapwaHTOB. J/layke OUeHb MPOCTBIE YCIOKHEHUsT CUJIBHO yBeamdmBaioT mepebop. Tak, mpocroe
TpebOBaHME WCIOJb30BATH B TApoJie OYKBBI M BEPXHETO W HUXKHETO PETMCTPOB YBEINYIHUBAET Tiepebop B 2™
paz, rjie n — 9TOo JJINHA TapoJisi. B GOJbITHHCTBE COBPEMEHHBIX CUCTEM TIAPOJIbL 0OI3aH UMETD JIJTHHY XOTsT ObI
IIIECTh CUMBOJIOB, T.€. KOJIMYECTBO BAPUAHTOB yBesndnBaercs B 64 pasa. TpeboBanue ncosmb30BaTh B mapoJie
XOTsl OBl OJINH CUMBOJI, He SIBJISIIONIHIICS OYKBOM, YBeJIMIMBAET YHCIO BAPUAHTOB B 6 X 43 = 258 pas (B nabope
ASCIl 43 HeOykBeHHBIX IrpadUIecKUX CUMBOJIA). BMECTO JIeCATKOB MUHYT MOAOOD HapoJisi, KOTOPBIH 00si3aH

coaepzKaTb 6YKBI)I Pa3HbIX PETUCTPOB U XOTs Obl OJIH CIIEIICUMBOJI, 3aiiMeT MHOTO ,HHefI.

Ho ecytu B3oMIMuKY [1€fCTBUTEIHHO HYIHCHO TTONACTD B CUCTEMY, OH MOYKET IOJIOXKIATh U HECKOJIBLKO
JTHEH, T03TOMY HEeOOXOUM TPETHUH CJIOH 3aIUThl — OrpaHUYeHre JUCTIa IOMBITOK. Bce coBpeMennble cucTeMbl
[TO3BOJIAIOT 3aJaTh UHUCJI0 HEeyJAauHO HAOpPAHHBIX MApPOJIEeil, HMocae KOTOPOro MMsI OJIOKMPYETCsS. DTO UHUCIIO
BCeraa OOJIbIIEe €IMHUIILI, IIOTOMY YTO II0JIb30BATEIb — 9TO UEJIOBEK, & JIIOIsIM CBONCTBEHHO OMUOATHCS, HO B
OOJIBIIMHCTBE CJIydaeB TaKOil Ipemes 3a1aeTcsl He 0YeHb OOJIBIINM — OOBITHO 5 - 7 mombITOK. OJHAKO, 3TOT

MEeTOI nMeeT 1 O60pOTHyIO CTOPOHY — €I'0 MO2KHO HUCIIOJIb30BaTh IJIA 6.HOKI/IpOBKI/I IOJIb30BATEEN.

I/IHTepeCHbIﬁ BapuaHT TOT'O 2K€ METO/[a 3aKJ/II09aeTCd B TOM, 4TOOBI yYBeJIMIUBATDL 1Iay3y MEXKY II0-

cjieJ0BaTeJIbHbIMU HEYTaYHBIMU ITOIIBITKAMMN XOT ObBI B apI/I(I)MeTI/I‘IeCKOI';I oporpeccun.

Hakomer, mocsieiHuit cJI0it 3aIUThl — 9TO OIMOBEIIEHIE TT0JIb30BATEs (& WHOTIA M 8 IMIHUCTPATOPA
CHCTEMBI) O HEeyJAa9HBIX HOIBITKAX BXo/a. Kcin mop30BaTesb caM TOJIBKO 9TO HayKaJsl He Ty KHOIKY, OH IPH
BXO/JI€ YBUIINT, 9TO ObLIa OJTHA HEyIadHasl MTONbITKA, U He OyIeT OeCIIOKONTHLCS; OJIHAKO, €CJIU €CTh COOOIIEHMS

O IOIIOJTHUTEJIbHBIX HEYAAYHBIX ITOIIBITKaX, BPpEMA I0OECIIOKOUTHCA U pa306paTI>CH, 9TO K€ IIPOUCXOIUT.

CoBpeMeHHas TeXHUKa BbIOOPa HapoJieil 06ecieuYnBaeT JOCTATOYHO BHICOKYIO J1JIs OOJIBITHHCTBA IIPaK-

TUIeCKUX Ieseit 6ezonacHocTh. B ciydasx, riae sta 6€30IMaCHOCTh MPEJACTABIISACTCS HEIOCTATOTHON — HAIIPU-

39’1‘& Ta6m/1ua IIPpUBOJIUTCA B [23] ITo mueHnuro aBTOPOB, BKJ/IIOYEHUE €€ B JJaHHOE U3/[aHue Heuenecco6pa3H0, IIOCKOJIBKY OHa

paccauTaHa Ha aHIVIOA3BITHBIX OJIL30BaTEJIENl 1 HE OYEHDb aKTyaJibHa B Poccun.
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MeD, eC/IU CJelyeT BCepbe3 pacCMaTpUBaTh OIIACHOCTD IIPUHYKJICHU 110J1b30BaTe Id K PACKPBITUIO 11apOJId —
MO2KHO [IPUMEHSITH METO/bI UJIeHTU(DUKAIINH, [I€PEINCTCHHBIE BBIIIE, T.€. OCHOBAHHbIE HA MEXaHUIECKUX UJIN
3JIEKTPOHHBIX KJIOYaX WM OMOMETPUYIECKHUX MapamMerpax. BrpodeM, Kak y2Ke T'OBOPHUJIOCH, TAKHE METOJIbI

TPeOyIOT UCIOJIb30BaHUS CIEIUAIBHON AIIapaATyPhI.

IIpu wucrionb3oBaHUM TAPOJIEl BO3ZHUKAET OTIEIbHas IIpodJieMa 0Oe30I1acHOr0 XpaHeHus: 0a3bl JTaH-
HBIX CO 3HaYeHuUsiMU mapoJeii. Kak mpaBuio, gaxke aIMUHUCTPATOP CHCTEMBI HE MOXKET HEIOCpPeICTBEHHO
MOJIYINTh 3HAUEHUs AapoJieil moJsib3oBaresieil. MoKHO IMPUBECTH HECKOJIBKO COOOparKeHUil B IOJIb3Y TaKOI'o

OrpaHUYEHUS].

e Ecau Obl AJIMUAHUCTPATOP CUCTEMBI 3HaAJI IIOJIb30BaTE/JIbCKUE IIapOJIi, TO B3JIOMIIUK, CYMGBHH/Iﬁ BbIIaTb
cebd 3a AJIMUAHUCTPATOPA, TaK 2Ke I10JIydaJl OBl JOCTYII K 9TUM ITapOJILAM. ITocse sToro B3JIOMIIIUK MOT' Obl

JIETKO MaCKHUPOBaTbLCHA IO APYTHUX HOJIb3OBaT6JI€fI, Y9TO CUJIBHO YCJIO2KHUJIO ObI O6Hapy}KeHI/Ie B3JIOMa..

e Eciu agMuHHCTPATOP 3HAET TOJBKO aIMUHUCTPATUBHBIN MapO/ib, JJIsI JUAIIEHUsT €ro aJIMUHICTPATUB-
HBIX TPUBUJIETUI JTOCTATOYHO CMEHUTH 3TOT MapoJib. Kcin ke OBIBIINI aIMIHUCTPATODP UMEJ JOCTYII
KO Bceit 6a3e JaHHBIX O MapPOJISTX, OH IO TIPEeXKHEMY Oy/IeT MMeTh BO3MOXKHOCTD JIOCTYIIa K CUCTEME, UTO

MOZKET OKa3aTbCd HezKeJlaTeJIbHDLIM.

st obecriedenusi CEKPETHOCTHU TTAPOJIelt OOBITHO UCIIOIB3YIOT OJHOCTOPOHHEE MnudpPoOBaHUE, IPU KO-
TOPOM 110 3aITU(PPOBAHHOMY 3HAYEHUIO HEJIb3si BOCCTAHOBUTH UCXOJHOE CJI0BO. IIpu 3TOM mporpamMmma ayTeH-
TUKAIIUU KOJUPYET BBEICHHBIN 1TapOJIb U CDABHUBAET IOJyUICHHOE 3HAYCHIE C XPAHSIIUMCHA B 0a3e JTaHHBIX.
[Ipu wcmob30BAHUU JOCTATOYHO CHJIBHBIX AJrOPUTMOB I poBanus, HampuMmep DES, ysnarh peanbhoe
3HAYEHUE MAPOJIsi MOXKHO TOJIBKO IIYTEM IOJIHOTO Iepebopa BcexX BO3MOYKHBIX 3HAUCHUI U CPABHEHUs 3a1ud-

pOBaHHOfI CTPOKH CO 3HAQYE€HUEM B basze JaHHDBIX.

OTHaM—OCHOBaTeJIHM Unix sToT MexaHu3M 00eCIIeYeHMsI CEKPETHOCTH IIOKa3aJICdA HaCTOJIbKO HadeXK-
HBIM, 9TO OHU JazKe HE€ CTaJIl OI'PDAHUYINBATDL JJOCTYII OOBIYHBIX II0JIb30BaTesIe K 0ase JAHHBIX, W BBIACJINJIN

JUIsT XpaHeHusi 3anmdpoOBAHHBIX TAPOJIeil T10JIe B ODIEOCTYITHOM JIJisi uTeHus daitre /etc/passwd.

Oprako «4uepBb Moppucas IPOJEMOHCTPUPOBAJ, UTO JJIsl I0I00pa IapoJieil He HY»KHO Iiepeduparh
BCE BO3MOXKHbBIE KOMOMHAIINN CUMBOJIOB, IIOCKOJIbKY ITOJIb30BaTE/IM UMEIOT TEHIECHIINIO BHIOUPATh JINIIL Orpa-
HUYIEHHOE TI0JIMHOXKECTBO TaKnX KoMOuHarmit. ITonb3oBaTesb, nMeronnit BOSMOKHOCTb HEITOCPEICTBEHHO TH-
TaThb 3aKOJNPOBAHHBIE 3HAUEHUST TTAPOJIeil, MOXKET OCYIIECTBIISITh ITOJ00P, He 00palasich K CHCTEMHBIM MeXa-
HU3MaM ayTeHTUKAIIUN, TO eCTh JeJaTh 3TO OUYeHb OBICTPO U MPAKTUIECKN HE3aMETHO JIJIsI aJIMUHUCTPATOPA.
DToT THI aTaku Ha3bIBaeTCsl cJoBapHOM arakoii (dictionary attack) u Bechbma omacen st cucreMm, rje

[I0JIb30BaTE/ I HEOCTOPOXKHBI B BBIOODE IapOJIei.

[Tocsie oco3nanmst OMACHOCTH CJIOBAPHBIX aTak paspaboTunku cucrteM ceMericrBa Unix nepenecsin 3ua-
YeHHs TapoJieil B HeIOCTYIIHBI Jist yTenust (ais /etc/shadow, I/ie aposy TakKe XPaHATCs B OJJHOCTOPOHHE
3amuPOBAHHOM BHJIE. DTO 3HAUUTEIBHO YCJIOKHACT PEAJIUBAINIO CJIOBAPHOM aTaKu, MOCKOJIbKY MEPEJ] TEM,

KaK Ha49aTb aTaKy, B3JIOMIIUK JOJI2KCH IIOJIYIUTHb JOCTYII K CUCTEME C IIPUBUJICTUAMU QIMUHUCTPATODPA.
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[IpakTraeckn Bce COBpEMEHHBIE CUCTEMBI XPAHAT JAHHBIE O MAPOJISTX B OJIHOCTOPOHHE 3aIipPOBaH-
HoM BHje B dailsie, HETOCTYITHOM OOBITHBIM MOTH30BATEIAM TSI ITeHust. [[0CTaBIMUKNA HEKOTOPBIX CHUCTEM,
nanpumep Windows NT, nmake orkasbiBaroTcs mybsmkosaTh mHMOpManuio o dopMare 3Toi 6a3bl JaHHBIX,

XOTsI TO CaMO 110 cebe BPsiJi JIU CIIOCODHO MOMEIIATh KBAJIM(MUITTPOBAHHOMY B3JIOMIIUKY.

9.2 Wpaentudunkaiys mojb30oBaTejisd B CETH

Korma nonbzoBaTesb paboTaeT ¢ KOHCOJIM KOMITBIOTEPA WK C TEPMUHAJIA, (PU3MIECKU TPUKPEIJIEHHOTO K TeP-
muHaabHOMY TIopTy (hardwired), mMozens ceccuii siByisiercst BriosHe nipuemMyemoit. Ilpu perucrpanuu mosis-

30BaTeJId CO3/IaeTCAd CeCCUud, aCCOUNpPpOBaHHasd C JaHHBIM TEPpMHUHaAJIOM, U JaJIee HpO6JI€M HET.

AHaJOruYHO HET HUKAKHMX IIPOOJIEM IPHU IOJKJIIOUEHHHM Yepe3 CeTh ¢ KOMMYyTallell KaHaJIoB, Ha-
IpUMep, MPU JI03BOHE Uepe3 MOJEM, MOJAKIIOUYeHHBIN K Tesedonnoit cetu. Korma coenunenune paspbiBaeTcs,

ceccud cuuTaeTcd OKOHYEHHOI.

Hanporus, B cersix ¢ KOMMyTaljiell [aKeTOB, K KOTOPBIM OTHOCHTCSI GOJIBIIMHCTBO COBPEMEHHBIX
ceresbix porokosios (TCP/IP, IPX/SPX, ISO/OSI u 1.11.), Her dhusntueckoro HoHsTHs coefuHenus . B rydrem
cJlydae CeTeBOM IIPOTOKOJI IPEIOCTABIISAET BO3MOKHOCTh CO3/[aBaTh BUPTYAJIbHBIE COC/IMHEHNUS C «HAIC?KHOM»
CBSI3bI0, B KOTOPBIX MAPAHTHPYETCs] OTCYTCTBUE MIOTEPh [MAKETOB U COXPAHSIETCsI MOPSIOK UX mocTyiuternst. C
TAKUM BUPTYAJIbHBIM COEJIMHEHNEM BIIOJIHE MOYKHO aCCOIMHPOBATH CECCHIO, KaK 9TO CJIEJIAHO B IIPOTOKOJIAX

telnet, rlogin/rsh u ftp.

IIporokoa telnet ucnonb3yercs: st SMyJsIAnnn aJipaBUTHO-IIU(PPOBOIO TEPMUHAJA Yepe3 ceTh. Ilosib3oBaTeb
YCTaHABJIUBAET COEJMHEHNE U PETUCTPUPYETCS B YAAJICHHOM CUCTEME TAaKUM Ke 06pa30M, KAK OH PErHCTPUPOBAJICS ObI €
dusnyveckn oaKIIIOYeHHOro repmuHasia. Hanpumep, B cucremax cemeticrsa Unix co3maeTcss BUPTyaIbHOE YCTPOICTBO,
ncepaorepmubal (pseudoterminal) /dev/ptyXX, noJaHOCTHIO dMysHpyiomiee pabory (bU3MYECKOr0 TepMUHAJA, U
cHCTeMa 3aIlyCKaeT Ty Ke mporpaMmy HaeHTH(UKAINN T0Jb30BaTes st /usr/bin/login, KOTOpast UCIOIB3YETC JJIst
duszngecknx repmuHaoB. [Iprn OKOHIAHIE cecCUU COeIMHEHNE PA3PhIBAETCS, U TICEBIOTEPMUHAJIBHOE YCTPOWCTBO OCBO-

OOXK IAETCSI.

Bupryanbubie ceccun BBIHYKIEHBI TI0/IAraThC HA TO, UTO CETEBOE MPOrPAMMHOE 00OeCIednBaeT Jieli-
CTBUTEJIbHO T'apaHTUPOBaHHOE CO€JINMHEHHNE, T.€., YTO HHUKaKad <«JIeBad» MalllhlHa HE MOXKET BKJIMHUTLCA B
COeJIMHEHNE U MPOCJIYIATh €r0 WK OCJAATh CBOU MO e/ bHbIe TakeThl. Obecrieyerune 6€30TaCHOCTH HA 9TOM
YPOBHE IIpeCcTaBIsgeT OO0l OTAENbHYIO IPOobeMy, 00CY2KIeHIe KOTOPO yBeI0 Obl HAC JAJIEKO OT OCHOBHOIT

TEMBI.

B nporokosiax, HCIOIB3YIOMNX JaTarpaMMHbIE COCIUHEHUS, CPEJCTBAMU ITPOTOKOJIA BUPTYaJbHYIO
CECCUI0 CO3JIATh HEBO3MOXKHO. OOBIYHO B 9TOM CJIyUae KarXKJbIil [TaKeT COJMEPXKUT HIACHTUPUKATOD HOJIb30Ba~
TeJIsl WM CeCCUM, OT UMEHH KOTOpPOro (B paMKaX KOTOPOIi) 9TOT HakeT mocjaH. Takoi MojxXo1 UCIoIb3yeTcst
B 11poToKosax paborsl ¢ daiiiobivu cepsepamu NFS, u NCP (Netware Core Protocol, ucnosbsyembiit daii-

sosbivu cepsepamu Novell Netware). ITousitHo, 9TO YMCTO IATArPAMMHBIE TIPOTOKOJIBI OKA3BIBAIOTCS TOPA3JI0
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boJiee ySI3BUMBI LIS TTOAAEIbHBIX [TAKETOB U IMPOYUX BPEIOHOCHBIX BO3JIEHCTBUI.

Hanpumep, NCP, paboratommuii gepe3 gararpaMMubiii mporokost IPX, peasuzyer cBoit coGCTBEHHBINH MeXaHU3M
MOIEPKKU CECCHUIT: BCe TTAKETHI JAHHON CECCHU MMEIOT 8-OUTHBINH HOMED U MAKEThI ¢ HETPaBUILHBIMI HOMEPAMU IIPOCTO
urnopupytorcs. Oauaa u3 nporpamm B3joma Netware B TedeHnn KOpOTKOro BpeMeHH IOChLIaja 256 MakeToB ¢ pasjimd-
HBIMH HOMEpaMHU — XOTsi Obl OJIMH IAKET OKa3bIBaJjICsi yaadHbIM. J[nst 60pbObl ¢ Takumu peiicrBusimu B Netware 3.12

ObLIa BBEJCHa KpI/IHTOI‘pa(bI/I‘IECKaH IIOAIINCH ITaKETOB B IIpejejiaxX CEeCCUU.

[Ipobiiema JTOMOJHUTETBHO YCJIOXKHAETCA TEM OOCTOATETHCTBOM, UTO B CETH 3a9acCTyIO0 B3amMOJIEii-
CTBHE MPOUCXOIUT MEXKJTy CHCTEMAaMU, KaXK ias U3 KOTOPBIX IMO3BOJIAET OJIHOBPEMEHHYIO pabOTy HECKOJbKHUX
ojib3oBaresieit. HacTto BO3HUKAET KeJlaHHe TPebOBATh OT HOJIH30BATE/IsI PETUCTPAIUN TOJIBKO B OJHON U3

CHUCTEM, a JOCTYII B OCTaJIbHbIE CUCTEMBI IIPEJOCTABJIATHE aBTOMAaTUICCKU.

MuTepecHoe pemenne 3Toi 3aadm npeiaraercs npu perucrparun Ha cepsepe Novell Netware 3.x: nmpu Bxoze
MTOJIb30BaTE/IsI HA CEPBEP HCIOJIHSIETCS CIEeIMAIbHBIN KOMAaHIHDbIN (hail, TaK HasbiBaeMblil login script. Eciu B Hem
COJIEPKUTCS KOMaH/ A ITPUCOEIMHEHNUST K JIPYTOMY CepBepY, IporpamMMa, CHavuaIa mpooyeT TOT Ke TapOJib, KOTOPbIH ObLT
3a/1aH IPU BXOJE Ha IIePBBIi U3 cepBepoB. TOJIBKO €CJIM 3TOT IapoJib HE IIOJIXOJIUT, CUCTeMa TPebyeT y I0JIb30BaTe s
BBOJIa MAPOJIsi. DTOT METOJ] ODECIIEINBACT OJIHOBPEMEHHYIO PEIHUCTPAIUIO HA HECKOJILKHUX CepBepax, HO He IOJXOUT

JUIST TUHAMHUYECKOT'O CO3/IaHUsI U pa3phblBa COeIUHEHUI.

OOLIYHO AJId aBTOMATUYECKON perucrpanum UCHOJIL3YETCA MOAEIDb «JIO0OBEPAEMbIX» CUCTEM (trusted
hosts). Ecan cucrema B moBepsieT cucreme A7 TO BCE€ IIOJIb30BaTE/H, 3aperuCTpUPOBaHHbIE HA CHCTEME
A, aBTOMATHUYIECKH TOJIYYaIOT JOCTYII K cuctemMe B 1mom Temu ke nmenamu. VHOrma aHAJOTTIHYO BO3MOXK-
HOCTb MOXKHO IIPEJOCTABJISTh IS KaXKJIO0T'0 IOJb30BaTENsI OTAE/JBHO — IIOJIb30BATEb COODIINAET, U4TO IPHU
perucrpanu BXoga C CUCTEMbI A IIapoJisd 3allpalllBaTh He HaJo.

Hanpumep, mpoTokosisl rlogin / rsh, obecrieunBaonye 3aIryCK OTAEJbHBIX KOMAH UM KOMAHIHOIO IIPOLECcopa
Ha yJaJeHHON cucTeMe, UCIOIB3YIoT (daityl /etc/hosts.equiv wim .rhosts B JJOMAIHEM KATAJIOTe TI0JIB30BATE IS HA,

ymanennoit cucreme. Daitin /etc/hosts.equiv comepKUT MMeHA BCEX MAINWH, KOTOPBIM HAIMA CHCTEMA IOJTHOCTHIO

nosepsieT. Paitn .rhosts cocrouT m3 cTpoK dopmara.
UM . YOATEHHON . MAIWHEL UMsI_IIONIb30BaTENs

[Ipn sTOM HM#.ymanmeHHOM.MamMHE HE MOXKET OBITH IPOU3BOJILHBIM, OHO O00s3aHO COJEpKATbCs B daiie
/etc/hosts, B KOTOpOM COOpaHBI MMEHA U aJ[PECa BCEX YIAJCHHBIX MAIINH, <U3BECTHBIX» cUCTeMe. 10 yKe TpeboBaHme

00s13aTeJIbHO U JIJIsT MAIINH, IIePeYnCJIeHHbIX B /etc/hosts. equiv.

Hampmmep, IIOJIb30BATEIb fat Ha MallIuHe iceman.cnit.nsu.ru Habupaer KOMaHIy
rlogin -1 fat Indy.cnit.nsu.ru: BoitTu B cucremy Indy.cnit.nsu.ru mox mmeHem fat. Ecim momammaumit

KaTaJIOT TIOJIb30BaTe st fat Ha Ie/ieBoil MallinHe co/iep:KuT (aitm .rhosts, B KOTOPOM eCThb CTPOKa,
iceman.cnit.nsu.ru fat

to fat nosyunr goctyn K cucreme Indy 6e3 mabopa naposis. Toro xe adderTa MOKHO HOOUTHCS JJIsT BCEX

OTHOMMEHHBIX IT0JIb30BaTe ell, ecyn /etc/hosts.equiv COmEPKUT CTPOKY
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iceman.cnit.nsu.ru

Ecin xe fat nabeper komanay rlogin -1 root Indy.cnit.nsu.ru, a B JIOMAIIHEM KAaTajore I0JIH30BaTe-
Jgg root daita .rhosts HeT WM OH HE COIEPXKUT BBINIEIIPUBEIEHHON CTPOKH, KOMaHa rlogin morpebyer BBOIA
1apoJisi, HE3ABUCUMO OT COziepKuMoro daiina /etc/hosts.equiv. HyxHo oTMeTHTD, YTO aIMUHUCTPATOPHI OOBITHO
BOOOIIEe HE PA3PEIIaloT UCIOIH30BaATh rlogin s BX0A IO UMEHEM root, MOTOMY YTO STOT MOJb30BATENb ABJISETCS

AIMUHUCTPATOPOM CHUCTEMbI 1 O6JIa,ZLaeT OYeHb OOJIBLIIMMU IIPpUBUJICTUAMU.

Mogenb ToBepseMbIX CUCTEM OOecIieanBaeT OOJIBINTOe YA00CTBO JI/IsI TOJIB30BAaTE el U aIMUAHICTPATO-
POB ¥ B pa3iau4HbIX popMax npepocrasiserca MmHorumu ceresbiMu OC. Hanpumep, B IpoToKoJIe pas3ie/ieHust
aitsio SMB (B 06uxoze sToT porokos yacro HasbiBaor NetBIOS, xoTsi 910 M HE COBCeM IPABUIIBHO), UC-
nosibdyemom B Windows for Workgroups, OS/2, Windows NT, Linux u zp., ucrosbyercsi cBoeobpasHast MOJIEJb
ayTeHTUKAINN, KOTOPYIO MOYXKHO PACCMaTPUBATh KaK CHEIU(MUICCKUAN CIydail JOBepPseMbIX CUCTEM.

Ayrentukamust 8 SMB ocHoBana Ha monsitun momena (domain). Kaxkupiii pasmensiembrii pecype (KaTasor,
[IPUHTED U T.J1.) IPUHAJJIEXKUT K OIIPe/IeJIEHHOMY JOMEHY, XOTsl I MOYKeT ObITh 3aIlUIleH cOOCTBEHHBIM naposeM. [lpu
JIOCTYTIE K KasKJOMy HOBOMY PECYPCY HEOOXOIMMO ITOATBEPIUTH UMS MOJL30BATENS U TMAPOJIb, MOCE Yero CO3/IaeTC
ceccrsi, CBA3aHHAS C 9TUM pecypcoM. [ljIst co3/aHns ceccum UCIONb3yeTcsl HAJesKHOEe COEIMHEHNE, TPEJOCTABIAEMOE
CeTeBBIM IIPOTOKOJIOM HUXKHEro ypoBHst — nMeHoBaHHasi Tpyoa NetBEUI uiu coenunenune TCP. BBos naposis npu Kazk-
JIOM JIOCTYIIE HEeyI00eH s MO0JIb30BATE/ s, TO3TOMY 00JbIMHCTBO KineHToB — Windows for Workgroups, Windows 95,
Windows NT, OS/2 — npocro 3alloMUHAIOT IapOJib, BBEIEHHBIN [IPU PErUCTPAIMU B JOMEHe, U IPU HOAKJIIOYEHUN K
pecypcy MEPBBIM JIEJIOM MPOOYIOT ITOT MApOJIb. Bjaromapst 9SToMy yJIaeTcst CO3JATh y TOJb30BATENSA WILIIO3UI0 OJI-
HOKpaTHO# peructpanuu. Kpome Toro, ecim ceccrusi o KaKMM-TO IIPUYMHAM OKa3ajlach pasopBaHa, HAIpUMeEpP U3-3a

nepe3arpy3ku cepBepa, TO MO2KHO peaJin30BaTh IIPO3PpavYHOE JJIs ITOJIb30BaTe/Ifd BOCCTAHOBJICHUE ITOU CecCuu.

C TouKkmM 3peHud KJIMEeHTa HET CMbIC/Ia TOBOPUTH O ME2KMaIlIMHHOM JIOBEPpUUN — KJIMEHTY B Cpelie SMB nukTo ne

JIOBEPSIeT, W BIIOJIHE CIIPABEJJINBO: OOBIYHO 9T0 cucrema Kiacca JJOC, He 3aciiyKuUBarOIasi JOBEPHs.

O/1HaKO cepBephbl OOBIYHO IEPEIOBEPSIIOT IIPOBEPKY IAPOJISl M HMJIEHTU(MUKAIINIO TOJIb30BATEIIsT BbIIEIEHHOM
MalluHe, HA3bIBAeMOll KOHTPoJiepoM goMmeHadomain controller. Tomen ob6s3an uMersb OfuH OCHOBHO# (primary)
KOHTPOJIJIED U MOXKeT MMETh HeCKoJIbKo pesepBHbix (backup). IIpu nocrymienun 3anpoca Ha COeIUHEHUE CepBEp II0-
JIy9aeT y KJHEHTa MMs [T0JIb30BATENIsI U [1apojih, HO BMECTO CBEPKU € COOCTBEHHON 6a30ii JAHHBIX OH MEPEChLIaeT MX
KOHTPOJLJIEPY JIOMEHA U IPUHUMAET pellleHre O IPUHSITUH WA OTBEPraHUuU CECCUU Ha OCHOBAHUU BEPJMKTA, BHIHECEH-
HOTO KOHTPOJLIIEPOM.

ToabKO KOHTPOJIIEPHI JOMEHA XPAHAT ¥ cebsi 6a3y JAHHBIX O MOJIb30BaTe/IAX U mapossx. [Ipu aTom ocHOBHOIT
KOHTPOJUIED XPAHUT OCHOBHYIO KOIHWIO 0a3bl, a PE3epBHbIE CEpBEPBHI — ee JMyOJIMKATBI, MCIIOJIb3yeMble JIUIIb B TeX
CJIy4asix, KOTJI[a OCHOBHOI cepBep BBIKJIIOUEH WJIN MOTEPsH. Biarogapst ToMy, 9TO BCe JaHHbIe COOPAHBI B OJTHOM MECTE,
MOKHO TEHTPAJIM30BAHHO YIPABJISITH JTOCTYIIOM KO MHOTHM CEPBEPAaM, ITOITOMY JIOMEHBI IIPEJICTABIISIIOT HEOIEHUMbBIE

[IPEUMYIIECTBA [IPU OPTraHU3AINH OOJIBINNX MHOIOCEPBEPHBIX CETEld.

C Toukn 3peHuAd 0e30I1aCHOCTH J0oBepsdaeMble CUCTEMbBI UMCIOT JIBa CEPbE3HBIX HEJOCTaTKa:

1. HpOpI)IB 0e30I1aCHOCTH Ha, O,ILHOI'/JI N3 CUCTEM O3HAYa€T, 110 CyIEeCTBY, IPOPLIB Ha BCEX CUCTEMAaX, KOTOPbIE

JOBEPSIOT MIEPBOIi.
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2. Bosuukaer ,ILOHOJIHI/ITGJIBHBII;'I TUII aTaKN Ha CUCTEMY 0Ee30I1aCHOCTH: MaIllnHa, KOTOpad BblLIaeT cebd 3a

JOBepaeMylo, He dBJIddACh TaKOBOIl.

IlepBasi mpobJyiemMa sIBIAsteTCS TPAKTUYIECKH HeM30eXKHOM IITaToi 3a paspelleHne aBTOMaTHYIeCKO
peructparuu. Haumbosee sgpko 3Ta mpobsiema ObLia TPOUIIIOCTPUPOBAHA YIOMSHYTBIM BBIIIE «depBem
Moppucas [23], KOTOpBbIii, HIPOHUKHYB B OJHY W3 CHCTEM, HCIOJIb30Baj cojepkumoe daiiios .rhosts u
/etc/hosts.equiv /19 IPOHUKHOBEHUS B JIOBEPSIOININE CUCTEMBI, TI0/IAarasiCh HA TO, YTO MEYKCUCTEMHOE J10-

Bepre OOBITHO HEeIAI0T B3aUMHBIM.

HO3TOMy B CpelaX C BICOKUMHN Tpe6OBaHI/IHMI/I K 0€30I1aCHOCTH Y4acTO CTPEMATCA OI'PaHUYIUTDL IHUCJIO

JIOBEPSIEMBIX CHCTEM, ITOIOOHO TOMY, KaK OTCEKU KOPabJIeil Pa3essioT BOIOHEIIPOHUIIAEMBIME TIepebOpKaMU.

Bropast mpobyiema MOXKeT OBITH OTYACTH PeIeHa MCIOJb30BAHUEM CPEICTB, MPEIOCTABISIEMBIX Ce-
TEBBIMHU IIPOTOKOJIAMU, HAIPUMED, PUBI3KON BCEX JIOTMIECKUX HMEH JIOBEPSIEMBIX CHCTEM K WX (usmde-
CKUM ceTeBbIM ajipecaM. B nporokosiax TCP/IP 310 MoxkeT GbITH CIe1aHO ¢ MCIIOJIB30BAHUEM [IPOTOKOJIA arp

(Address Resolution Protocol — nporokos pasperienust ajpecos).

Boutee I/I30lﬂpeHHbII71 u, IMo-BuaAuMOMY, HaAMHOT'O boJree Haﬂe}KHbIIU/I MeTOd OCHOBaH Ha HCIIOJIb30BaHUHN

aJITOpUTMa JABYXKJIIOIEBOI'O H_II/I(prBaHI/IH RSA unu POACTBEHHBIX €My MEXaHU3MOB.

9.2.1 Kpunrorpaduieckne MeTOabl UJIeHTUDUKAIAN

Asnropurm mudposanuss RSA mcnombssyer nBa mapubix Kiaoda. CoobiieHue, 3ammdpoBaHHOE JIIOOBIM W3
KJTIOUef, MOXKeT OBITh pacimdpoBaro ApyruM. [Ipm aToM eciim HaAM JIOCTYIEH TOJBKO OJWH M3 KJIIOUeH,
MBI HE MOYKEM BOCCTAHOBHUTDL Apyroit. JInmHa Kirodell cocTaBsieT HECKOJIBKO JECATKOB WMJIN JTarXke COTEH
GaiiT, MO3TOMY TOIOOP KJIIOUEl Ha COBPEMEHHON BBIYUCIUTETHLHON TEXHUKE OKA3BIBACTCST CUILHO 3aTPY/IHEH.
O6braHO GoJIee JIJIMHHBIN KJII0OY HA3BIBAIOT «9aCTHBIM» (private), a 6osee KOpOTKHUil — OBIEAOCTYTHBIM
(public), HO jyIst HAaC 9TO pa3jaMune He OYEHb CyIliecTBeHHO. [loapobHoe onmcanue aaropurma RSA MoxKHO

HaiiTu B okyMenre [21].

Crocobbl ayTeHTHKAIUN, OCHOBaHHBIE Ha RSA, CBOISTCS K CIIEIYIOMEMY MEXaHU3MY:

e Cucrema A reHepupyeT MOCJIEI0BATEILHOCTD DANT, OOBITHO CJIyYaliHYIO, KOIUPYET €€ CBOUM KJIIOUOM

U 1ocelIaeT cucreme B.

e Cucrema B PacCKoJIupyeT ee CBOUM KJIIOYOM. 9Tto BO3MO2KHO, TOJIBKO €CJIN CUCTEMBbI BJIQJICIOT ITapHbBIMU

KJIro4aMu.

e CucreMbl TeM MU WHBIM CIIOCOOOM OOMEHUBAIOTCSI «IIpaBUJIbBHBIMW» 3HaYCHUAMU 3aLHI/I(1)pOBaHHOﬁ 110-

CBbIJIKH.

Hast npumepa pacemorpum npuaimn RSA-ayrentukanun B nakere ssh [22] — Secure Shell, paspa6oranuoit
Tary Wnonenom (Tatu Ylonen). Iaker upeacrasisier coboil dyHKIMOHAIBHYIO 3aMeHy nporpamm rlogin/rsh u co-

OTBETCTBYIOIIErO TUM Iporpammam jgemona rshd. B maker Bxoggr nporpammbl ssh (kiment) u sshd (cepsep), a
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TaKXKe yTUIUTHI JJIsi TeHeparnun kiodeit RSA u ynpassenus umu. ssh ucnoss3yer RSA st mpo3padnoil ayTeHTH-
KaIMU MTOJIb30BaTe s IPU BXOJe Ha yaajeHHyio cucteMy. Kpome Ttoro, ssh/sshd MOryT ocyIecTB/IsATh mMudpoBaHue

JAHHBIX, [TEPEJABAEMbIX 110 JIMHUKA BO BPEMs CEAHCa CBS3U, U BBINOJIHSITH PsiJi IPYTUX TMOJIE3HBIX (DYHKITUI.

CepBep XpaHWUT CIHUCOK H3BECTHBIX ODINEIOCTYIHBIX KJIFOUell JJIsi KaxkJoro W3 IoJib3oBaTeseil B aiie
$HOME/ . ssh/authorized_keys, rie $HOME obo3nadaer JoMammHuil Karayor nosjab3osaress. Pailil cocTOUT U3 CTPOK
dopmara host_name:key — 10 CTpOKe JIJIsi KaXKJIOTO M3 PA3PEIIEHHBIX KJIMEHTOB. B CBOIO 0Yepe/ib, KaXKIbI KJIUEHT
xpanutT B daitre $HOME/ . ssh/private_key CBOil YaCTHBIN KJIIOY.

Korma ¢ ynamenHO# cucTeMbl-KInEHTa TPUXOAUT 3aIPOC Ha ayTeHTUKaIumo, sshd 3anparmmBaer o0Ie 0CTyI-
HBIN K104, EC/n moTy9eHHbIil KJII0Y COBITAAeT C XPAHAMUMCS B (aiiyie 3HAYeHNeM JJTsi 9TOU CUCTEMBI, CEpBEp T'eHe-
pUpYyeT CIIyJaiiHyIO MOC/e10BaTeIbHOCTD u3 256 Out, mudpyer ee myOJInIHBIM KIIOYOM U IOChLIAeT KianeHTy. KianenT
pacmudpPOBBIBAET MOCHIIKY CBOUM JUYHBIM KJIFOUOM, BBIUHC/IsET 128-OMTOBYIO KOHTPOJIBHYIO CYMMY W BO3BPAIIAIOT
ee cepBepy. CepBep CpaBHUBAET TOJIYIECHHYIO [TOCJIEI0BATEILHOCTD C IIPABUILHOM KOHTPOJIBLHOM CyMMOI U IPUHAMAET
ayTEeHTUKAINIO B CJIy4Yae COBIaJeHns. TeopeTniecku KOHTPOJIBHBIE CYMMBbI MOI'YT COBIIACTH M B CJIydae HEeCOBIIAJEHUS

K.JHO‘IefI, HO BEPOATHOCTHb TaKOI'O COOBLITHS KpaﬁHe MaJia.

Metompl, ocnoamubie Ha RSA m japyrux amropurMax IMudpPOBaHUsSA, HE MOTYT PEIIUTH MPOOIEMbI
PACIIPOCTPAHEHUST TTPOPBIBA HE30TACHOCTH MEXKTY JTOBEPSIEMBIME CHCTEMAMI: TTPOHUKINNN B JOBEPSIEMYIO CH-
CTEMY B3JIOMINUK TOJYYaeT JIOCTYN K «JaCTHBIM» KJIIOYaM U MOYKET WCIOJb30BATH WX JJI HEMEJIEHHON
perucrpanuu B Jiro00i U3 JOBEPSIONUX CUCTEM WJIN JIayKe CKOIMUPOBATH KJIIOYH JIJIs TPOHUKHOBEHUSI B 9TU
cucteMbl B OoJiee yiobHoe Bpemsi. OHAKO, KaK y»Ke TOBOPUJIOCH BBIIIE, 3TO SBJISETCH MPAKTUICCKU HEU3-

OeXKHOM I1J1aTOH 3a pa3penieHnmue aBTOMaTUYECKOI perucrpanum B HECKOJIbKUX CHUCTEMaX.

B T0 xe Bpems, kpurnrorpadgpuiecKkue MEeTOIbI MPAKTUIECKN YCTPAHSIIOT OIMACHOCTh UMUTAIINH JI0BEPSsI-
€MOIf CHCTeMBbI IIyTeM TOMEHBI CETEBOT'O aJIpeca M 3HAUUTEIbHO YBEJININBAIOT HAJEXKHOCTD JIDYTUX METOJIOB
ayreaTukaruu. Hampumep, mepeata mapoJist o ceTu B 3an@poOBaHHOM BUJIe, OCOOEHHO ITPH UCIIOIHL30BAHII
JBYXKJIIOYEBOTO MU(MPOBAHUS WM IAHAMUYIECKUX KJIIOYell, MPAKTHIECKN yCTPAHSIeT BO3MOXKHOCTH YTEUKU

IIapoJid IMyTeEM €10 IMOAC/TIYIINBaHUuA U T.T.

Ecrb ocnoBanms yTBEepKaaThb, 9TO UCIIOJIb30BaHUE KpI/IHTOI‘paCbI/I‘IeCKI/IX METOA0B MO2KET PEIINTb MHO-

rue HpO6JIeMbI 0e30I1aCHOCTH KOMITBIOTE€PHbIX cerell n JazKe OJJMHOYIHBIX KOMIIBIOTEPOB.

9.3 IlIpaBa goctymna

CymiecTByeT HECKOJIBKO MOJIeJIel TTPeOCTABICHUs IpaB J0CTyIa K daiiyiam u apyruM obbektam. Haumbostee

IpocTas MOJIEJIb UCIIOJIb3yeTcs B cucreMax cemeiictsa Unix.

B stux cucremax Karkaplit ailyi miIM KaTajaor UMEOT WIeHTU(PUKATOPBI X03duHa u rpymbl. Omnpe-
JleJIeHO TP Habopa IpaB J0CTyTa: Jisi X03suHa, TPYNILL (T.e., [JI MOJb30BaTesell, BXOAANINX B IPYIILY,
K KOTOpOii mpuHajyexxuT ¢daii) u BceX ocTaabHbIX. [losb30BaTe b MOKET MPUHA/IE)KATH K HECKOJIbKIM

rpylnaM OJHOBPEMEHHO, (bailyl BCeria MPUHA/JIEXKUT TOJIBKO OJIHOM rpyIIIe.
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DriBator Tpm mpaBa: UTeHWsd, 3alUCH W WCIOJHeHW:A. /[ KaTajgora MpaBO WCIOJHEHHWS O3HAYAeT
[IpaBo Ha MOUCK GailaoB B 3ToM KaTasore. Kaxkioe u3 nmpas obo3Hadaercss ONTOM B MacKe [paB JIOCTYIIA, T.e.

BCE TPU I'PYIIIBI IPAB MIPEJICTABJSIIOTCS JAEBATHIO OUTAME MJIA TPEMsI BOCBMEPUUIHBIMU UM paMu.

IIpdBa Ha yrnanenune maum mepenMeHoBaHHe daiina He cymecTByeT; BoodOIie, B Unix He ompemeneHo
omneparuu ynajgeHus aitjga Kak TaKOBOH, a CYIIECTBYET JIUITh ONEPAIUs YIAJCHUsT UMEHHU unlink?. st
yIAJIEHUS WU U3MEHEHUsI UMEHH JTOCTATOYHO UMETDH IIPABO 3AIMCH B KATAJIOT, B KOTOPOM 3TO UM COINEPXKUT-

Ced.

B Tpajunuonnsix cucremax cemericra Unix Bce ritobasibHbIe 00BEKTHI — BHEIITHUE YCTPOUCTBA U TME-
HOBaHHBIC IPOrPaAMMHBIE KaHAJbl — SIBJISIIOTCs baiiiamu (TouHee, nMeoT MMeHa B ailioBoii cucreme), u
yIpaBJIEHUE JIOCTYIIOM K HIM OXBATBIBAETCs (DAJIOBBIM MeXaHU3MOM. B coBpeMeHHbIX Bepcusix Unix azipec-
HbIE POCTPAHCTBA UCIOJIHSIONIUXCS TIPOIECCOB TaKKe JIOCTYIHBI Kak (pailyibl B crieruaabHoil haiioBoil (uim
ncesodaiiioBoii, ecim yrojuo) cucreme proc. Paiiibr B 310it @C MOryT GBITH UCIIOIB30BAHBI, HAIIPUMED, OT-
JIATIUKAMU JJTsl TOCTYTA K KOJIY U TAHHBIM OTJIaYKUBAEMOI TPOTPAMMBI. ¥ IPABJICHIE TAKUM JIOCTYIIOM TaKKe
OCYIIECTBJISIETCsT CTAHIAPTHBIM (pailjioBbiM MexaHu3zMoM. Kpome Jloctyiia K aJpecHOMYy POCTPAHCTBY, HAJ
mporieccoMm B Unix orpejiesieHa, o CyIIeCTBY, TOJBKO Olepalius MOChLIKU curHa a. OOBIYHBIN 110JIB30BaTE/ b
MOXKET IOCBLIATH CUIHAJIBI TOJILKO CBOUM IIPOIECCAM; TOJBKO CYNEPIO/Ib30BaTe/b (Xoot) MOXKET MOChLIATH
UX UyXKUM IporeccaM. Bce ocTajibHBIE ONEPAIUU OCYIECTBUMBI TOJBKO MEXKJYy ITPOIECCaMU, CBI3aHHBIMU
OTHOIIIEHUEM DOJIUTEH/TIOTOMOK, U PACIIpeJieieHue TIPaB J0CTyIa B 9TOi cuTyaruu BoobIie He Hy:KHO. Ta-
KM 00pazoM, ailjioBble mpaBa JOCTYIIA UCIOJIL3YIOTCS I YIIPABJICHUS HOCTYIIOM K IMPAKTUICCKHU JTIOOBIM

oobexkTam OC.

B Unix System V nosiBunch 00bEKTHI, HE SIBJISTIONTHECS (haitiaMu 1 WIeHTU(DUINDYEMbIe INCIeHHBIMA
KJIIOYAMHU JIOCTYTIa BMECTO UMEH. Bce 3TH 00 beKTHI SIBJISIOTCS CPEICTBAMU MEZKITPOIIECCHOTO B3aMMOIEHCTBHS:
970 ceMadOPBI, OUepe i COOBITIEHNH U CEIMEHTRI pasiessieMoit mamsTu. Kask bt Takoit 00beKT nMeeT MacKy

[IpaB JOCTyIIa, aHAJOTUIHYIO (ailjIoBOM, U JOCTYI K HUM KOHTPOJIUPYETCs TOYHO TaK Ke, KaK U K dailaam.

OCHOBHOE TPEMMYIIECTBO ITOrO IOJXO0J/Ia COCTOUT B ero mpocrore. PakTudeckn 310 HanbOJIEEe MpPo-
cTas U3 CUCTEM IIPUBUJICTHUHN, IPUTOIHAS [IJId TPAKTUIECKOTro npuMenenus. HbIMU ciioBaMu, 6oJiee ITpOCThIe
CHUCTEMBbI HEIIPUTOIHBI BooOIe. Kpome Toro, mpaxTruka SKCILIyaTAIlud CACTEM, UCIIOJIb3YIOIINX 3Ty MOIEb,

IIOKa3bIBaeT, YTO OHa BIIOJIHE a/IeKBaTHa IIOJaBJIAIONIEMY 6OHbLHI/IHCTBy pPeaJIbHbIX CHTyaHHﬁ.

MHuorue coBpeMeHHbIE CUCTEMBI, He BXOJsIme B ceMeiicTBo Unix, a Takyke u Hekoropbie Bepcun Unix,
nanpumep, HP/UX mwin SCO UnixWare 2.x, ucrioib3ytor 6ojiee CJI0KHYI0 U THOKYIO CHCTEMY YIIPABJICHUS J10-
CTYIIOM, OCHOBaHHYO Ha cnuckax ynpasieHnusi gocrymnom (Access Control Lists — ACL). C kaxpim
3aIMUIIAEMbIM O0BEKTOM, KPOME HJIEHTHU(DUKATOPA €ro XO3sMHA, CBSI3aH CIHMCOK 3amuceit. Kaxkmas 3amnuch
COCTOUT U3 UJICHTU(DUKATOPA TTOJIB30BATE IS UK IPYIIBI U CIIUCKA IPAB JJIsi TOTO MMOJIb30BATEST WU IPYII-

ool [TonsTue I'PYIIIBI B TaKUX CHUCTE€MaX He UIr'paeT TaKOi OOJIBIIOI pPoJin, KakK B Unix, a CJIYZKUT JIMIIb JIJId

4STO CB4A3aHO C TeM, 4YTO (baf/‘m B Unix MokeT uMeTb HECKOJILKO UMEH, " CODCTBEHHO yAaJieHrue IIPOUCXO/UT TOJIbKO IIPpU

YHUYITOXKEHUU IIOCJ/IEITHEI'0O UMEHU. Ho,apo6Hee cM. L. 8.
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cokpamennsa ACL, no3sossis 3a1aTh IpaBa JJid MHOIMX II0JIb30BaTe/Iel OJHUM 3JIEMEHTOM clucka. Muorue
CHCTEMBI, UCIIOb3ylonume 3Ty Momaeab, Hanpumep Novell Netware, maxke me acconuupyror ¢ dhaiiyioMm naeHTH-

duKaTopa IpPyIIbI.

OOBIYHO CIIMCOK BO3MOXKHBIX IIPaB BKJIoO4YaeT B cebst npaBo Ha maMmenenne ACL. Takum obpasom, He
TOJIBKO XO35IMH OOBEKTa MOYKET U3MEHSITh IIpaBa JOCTYIIa K HEMY. DTO IPABO MOXKET OBITb JAHO W JIPYTUM

IIOJIb30BATE/ISAAM CUCTEMbI UJIN J1a2Ke T'PDYIIIIaM HOJIbBOBaTe.HefI, €CJIN 9TO OKazKeTcCd JJId 9ero-To HeO6XOILHMO.

OjiHaKO 3a JOMOJHUTEJBHYIO TMOKOCTD IPUXOJUTCS IJIATUTH CHU2KEHUEM ITPOM3BOJUTEbHOCTH. B
cucreMax cemeiictBa Unix mpoBepka IpaB J0CTYIIa OCYIIECTBIISAETCS TPOCTON OUTOBOI orlepariiei Ha | MacKon
npas. B cucremax ke, ncnonpayonux ACL, #e06X0uM TPOCMOTD CITHCKA, KOTOPBIT MOYKET 3aHATH HAMHOTO
6oJibirie BpeMenu. CaMoe I10X0e COCTOUT B TOM, UTO MbI HE MO2KEM FapAHTUPOBATH 3aBEPIIEHUS ITOTO [TOUCKA

3a Kakoe-11b0 BpeMsd, HE YCTaHaBJ/IMBasd OFpaHI/I‘IeHI/IfI Ha IJIMHY CIHUCKAa.

B coBpemeHHBIX crCTEMaxX HAKJIAJHBbIE PACXO/IbI, CBsI3aHHbIe ¢ nucnosb3opanneM ACL, canrarorces mo-

CTATOYHO MAaJIbIMU, TIO9TOMY 3Ta MOJIEJIb PACIpee/IeHHs [IPaB IprodbpeTaeT Bce OAJIBINYIO HOIIYJIAPHOCTD.

Kpome mpas pocryna kK oObeKTaM, cUCTeMa JIOJIXKHA YIIPABJIATH BbIJAUeil HEKOTOPBIX TPUBUJIETUN.
Tax, JJisi BBITIOJIHEHUSI PE3EPBHOIO KOITUPOBAHUSI ¥ BOCCTAHOBJICHUST (DAMJIOB HEOOXOMM MTOJIb30BATEh, CIIO-

COOHBIH OCYIECTBIIATE JOCTYI K haiiyraM U olepaluu Ha HUMHU, He oOpalasi BHUMAHUsT Ha TPaBa JOCTYIIA.

Bo Bcex cucremax HeOOXOIUMBI TIOJIB30BATE N, UMEIOIIHE TPABO U3MEHITh KOH(PUTYPAIIUIO CUCTEMBI,
3aBOJUTH HOBBIX ITOJIb30BaTeEe U IPYNIbI U T.7. Ecm cucremMa obecrevdnBaeT 3amyCcK MPOIECCOB PeabHOTO
BPEMEHH, CO3JaHIe TAKUX IIPOIECCOB TOXKE JIOJIZKHO KOHTPOJIMPOBATHLCS, TOCKOIbKY mporiecc PB nmeer 6o1ee
BBICOKWI ITPUOPUTET, €M BCE ITPOIECCHI Pa3JIeJIEHHOTO BPEMEHM, W MOXKET, ITPOCTO He OTJaBas ITPOIECCOP,

3&6.HOKI/IpOBaTb BCe OCTaJIbHBIC 3aJ1a4M.

B GosbinuHaCcTBE COBpeMeHHBIX MHOTOIOIb30BaTebckux OC, He BXoggmux B cemeiicrso Unix, ¢ Kazk-
JIBIM TIOJTB30BATEIEM aCCOIMUPOBAH CIIMCOK IMPUBUJIETUil, KOTOPBIMI 3TOT I0JIB30BaTe b 001a1aeT. B cucre-
Max cemetictBa Unix Bce ropasjio mpoire: oObIIHBIE TTOJIB30BATENN HE 00J1aal0T HUKAKUMU TTPUBUIETUSIMU.
J1J1s1 BBITIOJTHEHUSI IPUBUJIETUPOBAHHBIX (DYHKIIAN CYIIECTBYET MOJIb30BATE/b C YUCJICHHBIM UICHTUDUKATO-
pom 0 — cymepIrioJib30BaTeJIb (Superuser), KoTopblii obJsajaer, nogobHo xpucruanckomy locnogy Bory,
BCEMU MBICJIUMBIMU IIpaBaMu, IpuBmerusamu u arpubyramu. [lo Tpagunuu cyneproyib30BaTeib UMEeT CUM-

BOJIBHOE UMsI Yoot — «KOPEHBb».

Cucrema CIMCKOB IPUBUJIETHH TPEIOCTABIISIET OOJIBITYI0 TUOKOCTD, Y€M OJINH CBEPXIIPUBUICTUPOBAH-
HBIl CYIIEPIIOIB30BATEIb, [IOTOMY UTO IMO3BOJISET aIMUHUCTPATOPY CUCTEMBI IIEPEJIATh YaCTh CBOUX (DYHKITHI,
HaIIPUMED BBINIOJIHEHNE PE3EPBHOI'O KOIMPOBAHU, JPYIUM II0JIb30BATEISAM, HE JaBasl UM IIPU 3TOM JIPYTHUX
npusuiernit. Opaako, kKak u ACL, ata cxema npuBoguT K OOJIBINIUM HAKJIAIHBIM PAaCXOJaM MPU KOHTPOJIE
IIpaB JOCTYIIa: BMECTO CPABHEHUS MICHTU(PUKATOPA MMOJIB30BATEIS ¢ HYJIEM MBI JIOJI)KHBI CKAHIPOBATH CITICOK

HpHBHJIeFHfI, 9TO HECKOJIbKO JOJIbIIIE.

B nekoTophix curyanusx HykeH Oojiee TOHKUN KOHTPOJIb 3a JIOCTYIIOM, Ye€M YIIPaBJIEHUE JIOCTYIIOM
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na yposHe daitsoB. Hanpumep, mjs namenenus nudopMaliii O MoJIb30BaTes e HeOOXOIUM JIOCTYII HA 3alIUCh
K COOTBETCTBYIOIEH 6a3e JAHHBIX, HO HE KO BCEii, & TOJIbKO K OIIPeJIeJIeHHO# 3anucu. BriojiHe ecTecTBeHHO 1
Jlayke HeoOXO/IMMO JIATh I0JIb30BATEI0 BO3MOXKHOCTH MEHSATD 11ap0Jib, He obpalasich K ajamuaucrparopy. C
JIPYTO#l CTOPOHBI, COBEPIIIEHHO HEIOIMYCTUMa BO3MOXKHOCTH MEHSTH AP0/ JAPYTUX MoJib3oBaresieit. Ompaum
u3 pemnieHuil ObLI0 OBl XpaHEHHe MAapOoJIsl JijIsd KaXKJI0T0 M3 MOoJIb30BaTe/eil B oT/elbHOM (daiiie, HO 5TO BO
MHOTHX OTHOIIIEHUSX Hey00HO. JIpyroe perenne MOXKET COCTOSITh B UCIIOJIL30BAHUN MOJIEJU KJIMEHT-CEPBED
C IIPOIIECCOM-CEPBEPOM, UCIIOJHAIONINMCS ¢ IPUBUJIETUAME 8JIMIHACTPATOPA, KOTOPBI ABJISETCS €IUHCTBEH-
HBIM CPeJICTBOM JjtocTymna K mapossiM. Hampumep, B Windows NT Bech JocTyIl K MOJIB30BATENBCKON Oaze
JIAHHBIX OCYIIECTBJISIETCS U€pPEe3 CUCTEMHBIE BBI3OBBI, TO €CTh (DYHKIIUHU IIPOIECCa-CEPBEPA UCIOJHAET CaAMO
SIIPO CUCTEMBI. DTOT ITOJXO/] MIO3BOJISIET PEITUTH TPODJIEMy KOHTPOJISL JOCTYIIa UMEHHO K I0JIb30BaTEIbCKOM

base JaHHBIX, HO aHaJIOTUYIHaAd HpO6JIeMa BOBHUKaeT U B JAPYI'uxX CUTYyallUAX.

B cucremax cemeitctBa Unix mjist 3Toit mean ObLI TIPEIOXKEH OPUTMHAIBLHBIN MEXaHW3M, M3BECTHBIN
kak setuid (setting of user id — ycranoska [3ddexruBnoro| uaenrudukaropa moabp3oBaTes).

B Unix kaxxmas 3a7a4da nMeer [1Ba IMOJb30BATEIbCKUX HIEHTH(MUKATOPA: pPeaJibHbINA n 3ddeKTuBHbIii. Pe-
AJIBHBIN UJIEHTUMUKATOP OOBITHO COBIIQJIAET € WIAEHTH(MUKATOPOM II0JIH30BATEsI, 3allyCTUBINEro 3aanue. st mpo-
BEPKU IpaB JOCTyla K daiijaM u IpyrumM o0beKTaM, OJHAKO, MCIOjb3yercs: 3(deKkTuBHbIl nieaTudukarop. 1lpu
3amycke OOBIYHBIX 3aJ1a9 peasbHbIN U 3 deKTUuBHbIN MaeHTU(GUKATOPBI COBIAIa0T. HecoBnaeHne MOXKeT BO3HUK-
HYTbH IPH 3aIlyCKe TPOrpaMMBbl ¢ YCTAHOBJIEHHBIM pu3HakoM setuid. [Ipu atom adbderkTuBHBIN HAEHTHHOUKATOD J1JIsT

3a/1a491 yCTaHaBJINBAECTCA PaBHBIM I/I,H‘eHTI/I(i)I/IKaTOpy XO3dMHa cl)afma, CoJIepzKaBIICT'O IIPOI'PaMMy.

Ilpusrak setuid sBissercss arpubyToMm aiiia, cojepKaIiero 3arpy309abiii MOIY/Ib NporpaMMmbl. TOJIBKO XO3SHH MO-
JKeT yCTaHOBHUTB 3TOT MPU3HAK, TAKUM 00pa30M IepenaBast JPYIHM MOJIb30BATE/ISIM IIPABO HCIOJJIHSITH 9TY IIPOrPAMMY
ot cBoero umenn. Ilpu momugukanun gaiiia uim Opu nepejade ero JpyroMy MmoJIb30BaTe 0 Npu3HakK setuid aBro-

MaTHIE€CKHU C6paCI>IBa€TCH,

Tak, manpumep, nporpamma /bin/passwd IPUHAIJIEKHUT MOJIH30BATENIO0 YOOt, U y HEe YCTAHOBJIEH IIPU3HAK
setuid. JIioboii moIb30BaTE /b, 3AITYCTUBIINN ITY IPOTPAMMY, TOJIYYaeT 33189y, TMEIONTYIO TPABO MOINMUKAITUN TTOJTh-
30BaTeILCKOI 6a3bl JaHHBIX — (ailioB /etc/passwd u /etc/shadow. OgHAKO IIPEXK e YeM MPOU3BECTU MOIUMDUKAIINIO,
nporpaMma passwd IpoBepsieT JA0IyCTUMOCTh Mofudukanun. Hampumep, npu cMerne maposist oHa TpedyeT BBECTH CTa-

pbiit aposib. CMEHUTH TapOJIh TOJIB30BATENI0, KOTOPBIH €ro 3a0bljI, MOYKET TOJHKO root.

Jpyrum npumepom setuid-mporpaMmbl MOXKET CILyKUThb mporpamma /bin/ps (process status — cocrosinue
uporeccoB). Cucrembl cemeiicta Unix He IPEIOCTABIISIOT CUCTEMHBIX BBI30BOB JJIsl OJIyY€HHs CTATUCTHKU 06 UCIIOJ-
HAIOIMUXCS 1porieccax. [Iporpamma /bin/ps aHAIU3UPYeT BUPTYAJIBHYIO ITAMSITD SIJ[Pa CUCTEMBI, JIOCTYITHYIO Kak (haiij
ycrpoiicrBa /dev/kmem, HAXOAUT B HEl CIIMCOK IIPOIIECCOB U BBIBOIUT COJIEPIKAIIUECs] B CITUCKE JaHHbIE. F.CTeCTBEHHO,
TOJIBKO NIPUBUJIETUPOBAHHAS IIPOIPAMMA MOXKET OCYIIECTBIATh JTOCTYN K /dev/kmem.

Mexanusm setuid 6b11 n306peren ogauM 13 oTioB-ocHOBaTe el Unix Jennucom Puryu u 3anareHoBan up-
Mmoit AT&T B 1975 1. Uepes HECKOJIBKO MECSIIEB II0CJIe IOy YeHus TaTeHTy ObLI JaH craryc public domain. Odunuansao
dupma AT&T obbsicHmIIa 9TO TE€M, UTO ILUIATY 3a MCIIOJIH30BAHUE JTAHHOTO TATEHTA HEIEeJIec000Pa3HO Je/IaTh BBICOKOM,

a cbop HeOOJIBINOH IJIATHI ¢ HOJIBIIIOrO YNCIIA M0JIb30BaTe el Hey100eH U TOXKe HeIeJIecoo0pa3eH.
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Mexanusm setuid mosBoJisieT BbJABATh MPUBUJIETHH, JOCTYIIHBIE TOJBKO CYIIEPIIOJIB30BATENIO, KaK
OTJIEJBHBIM TIOJIB30BaTEIsAM (IpH 9TOM setuid-porpaMma J0JKHA SBHBIM 00PAa30M IPOBEPSTH PeasIbHBII
uAeHTHhUKATOD TOIB30BATE/sI I CDABHIBATE €r0 ¢ COOCTBEHHON 06a30il JAHHBIX), TAK U IPYIIAM (IIPH 3TOM
JIOCTATOYHO IlepejiaTh setuid-mporpaMMy COOTBETCTBYIONUIEH I'pyllle U J1aTh €ff IpaBo UCIIOJHEHUS Ha 3Ty
pOrpamMmy ), TAKIM 06pPA30M OTYACTH KOMIIEHCHPYsI HEJIOCTATOYHYIO M'MOKOCTh CTAHJIAPTHON CHCTEMBI IPAB

JlocTyna u npuBmieruii B cucreme Unix.

9.4 3ammuTa OolepaTUBHON MaMSITH

Jlerko MoHSATH, 9TO pasjiejieHue JOCTyNa K JIAHHBIM HEBO3MOXKHO 06€3 KOHTDOJIS HaJl JOCTYIIOM K JIPYTUM
00'bEKTaM CHUCTEMBI, B IEPBYIO OYEPE/Ib K OIIEPATUBHON MAMSATH, (PU3NIECKUM BHEITHUM yCTPOUCTBAM U Jipaii-
BepaM 3TUX YCTPOUCTB. Be3 TaKoro KOHTPOJIS BCE CPEICTBA YIPABJIEHUA JOCTYIOM K JIAHHBIM BO BHEITHE(
IMaMSTH OKa3bIBAIOTCS OECCMBICJCHHBIME, KaK 3alepTasi JIBepb B capae 06e3 omHoil creHbl. [loaTomy Hesb3s

BCE€PbHE3 'OBOPUTH O 0E30I1aCHOCTH B CcucTeMax, HEe pa3Ae/IAI0NNX JOCTYII 3aJ1a9 K (bHZSH‘IeCKOfI IHaMATH, TAKUX

kak DOS, MS Windows 3.x, Windows 95, MacOS u jip.

HpI/I 9TOM IIOJIB30BaTCJIbCKHEC 3a/1a91 JJOJIZKHbBI UMETh BOSMO2KHOCTDL 0OMEHUBATHCS JaHHBIMU C MOJTY-

asvu OC 1 JpyT ¢ JApyrom®.

9.4.1 KoJblia 3aIIUTHI

B coBpemenHBIX cucTeMax dallle BCEro MCIOJIb3YeTCs alllapaTHO Peajn30BaHHOE pa3lesieHne CUCTEMHOIO U
[IOJIb30BATEILCKOTO ypoBHeil npuBmiternil. [Iporeccop MoxkeT paboTarh B OJHOM U3 JIBYX PEKUMOB: IOJIb30-
BaTEJIbCKOM 1 CUCTEMHOM. VHOT/Ia CHCTEeMHBI PesKIM HA3BIBAIOT PEKIMOM CyIIepBU30pa (supervisor —
Ha EupaTesib). OOBIYHO TaKyI0 ADXUTEKTYPY HA3BIBAIOT KOJIBIAMHY 3alIUTHL: CTPYKTYDPY IPUBIIEruil n306-
pakaloT B BHUJE JIBYX KOHIIEHTPUYECKUX KPYTOB, IJle IMOJb30BATEIbCKIUI KPYT SBJISIETCS BHEITHUM U MeHee
MPUBUJIETIPOBAHHBIM, 8 CICTEMHBIN — BHYTPEHHUM. B psie COBPEeMEHHBIX CHCTEM KOJUIECTBO KOJIEIl MOXKET

OBITH yBEJUYIEHO, HAIIPUMED MIPOIECCOPBI ceMeiicTBa X86 MMEIOT YeThipe YPOBHS ITPUBUJIETUI.

B crucremHOM pekuMe paspeleHo yIpaBjieHre ypPOBHEM IIPephbIBAHUI ITpoIeccopa U JOCTYII K pe-
TUCTPaM JUCHETIepa MaMsTH. ECau mporeccop HUCIOJb3yeT OTHEeJIbHOE aIpecHOe MPOCTPAHCTBO JIJIS BBO-
J1a/BBIBOJIA, TO KOMAHJIbI JIOCTYIIA K 3TOMY aJIPECHOMY IPOCTPAHCTBY TaK:Ke OOBIMHO Pa3penieHbl TOJbKO B
CHUCTEMHOM pexkuMe. ey ke ucrosib3yercss 0TobpaskeHue PerucTpoB YCTPORCTB Ha aJipeca MaMsITH, CHCTe-
Ma MOXKET YIIPABJISITH JOCTYIIOM K BHEITHUM yCTpoiicTBaM OoJjiee MPOCTBIM U THOKUM CIIOCOOOM, OTOOpaXKast

CTPpaHUIIbI BBO,ZL&/BBIBO,ZL& TOJIBKO IIPUBUJICTUPOBAHHBIM 3a/a9aM.

SHa camoM fejte 3amadaM JOCTATOYHO MMETh BO3MOMKHOCTH OGMEHHBATHCS JAHHBIMI C SApOM. Mexk3amauHoe B3amMoseii-
CTBUE B 9TOM CJIy9ae MOYXKET ObITh OPraHU30BAHO MPU MOCPECTBE sapa. lIpuMepaMu TaKOTO OMOCPEIOBAHHOTO B3aUMOIEHCTBIS
SABJISIOTCST TPYOBI B cuctemMax cemeiictBa Unix u anamornanasie Tpybam cpencrsa B apyrux OC.

O/1HAKO OIIOCPEIOBAHHOE B3ANMOJICHCTBIE TPEOYET JIOMOJHUTEIbHBIX HAKJIAIHBIX PACXO0B, IOITOMY YaCTO HEIIOCPEICTBEHHOE

pa3zesieHne JacTeit aJpecHOro MPOCTPAHCTBA MEXKIY 3aadaMU OKa3bIBAETCH 00Jee YIOOHBIM.
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OOBIYHO TpOrpaMMa, UCIIOIHSIONIAsICA B CHCTEMHOM PEXKUME, IMEET JIOCTYII K aJPECHBIM IIPOCTPaH-

CTBaM II0JIb30BATEJILCKUX IIPOrpaMM.

HampoTus, B 10J1b30BaTEIBCKOM PEXKUME IIPOIECCOP MOXKET HCIIOJHSTH TOJBKO OOBITHBIE KOMAHIBI
00pabOTKM TAaHHBIX U HE NUMeeT JIOCTYIa K CHCTEMHOMY a/IpeCHOMY IpocTpaHcTBy. [lepekirouerne ns mob30-
BaTEJIbCKOTO PEXKMMAa B CHCTEMHBIH OCYIIECTBJISIETCS CIEIUAIBHON KoMaH10#. OOBITHO TaKkasi KOMaH/Ia Cpasy
2Ke TepejlaeT yIpaBJieHne OJIHOMY U3 MOJyJell sipa CUCTEMBI.

Hanpumep, B PDP-11 cucremHBIe BBI30BBI peanusyiorcs depe3 komanay EMT — Emulate Trap (mporpammuoe
pepbiBanue). dTa KOMaHIa uMeeT 6-OUTOBOE MOJIe OlePaHa, KOTOPOe, OIHAKO, He HHTEPIIPETUPYETCS IPOLIECCOPOM.

[Tosp30BaTEIbCKASA MPOrpaMMa TPOTAJKIBAET apaMeTPhl CHCTEMHOT'O BBI30Ba B CTEK W McHoHseT EMT ¢ onmepanoMm,

PaBHBIM KOy HCIOJIHSEMOI'O CUCTEMHOI'O BbI30Ba. 1Ipu 9TOM BBI3bIBaETCH 00PAbOTUMK IIPEPHIBAHUS 110 BEKTOPY 8.

[IpepbiBanne 8 obpabaTbiBaeTCs TUCIETIEPOM CHCTEMHBIX BbI30BOB. OOpaboruymku mpepbiBanuit B PDP-11
BCEr/[a UCIIOJIHAIOTCS B CUCTEMHOM DEXKHMe, ITO3TOMY IIPU BBI30BE JHUCIIETYEPa ABTOMATUIECKU ITPOUCXO/IUAT ITEPEKIIIO-
JeHue B pexkuM sjipa. Jlucnerdep m3BjeKaeT U3 M0JIb30BATEIBCKOIO CTEKA ajipec KoMaH bl EMT u mapaMerpsl. 3aTeM
OH U3BJIEKAET KOJI KOMaHIbl EMT, aHAIU3UPYeT ee ONEPAH/ U B 3aBUCUMOCTU OT PE3YJIbTATOB AHAJN3A BBI3BIBAET CO-
OTBETCTBYIOILYIO IPOIEAYPY siapa. s KonmpoBaHus mapaMeTpoB UCIOIb3YIOTCS CIEIUAJIbHBIE KOMAHIBI JJOCTYIa K
[I0JIb30BATEIBCKOMY aJipecHOMy npocrpancTBy: MFPI/MFPD (Move From Previous Instruction/Data — konuposars u3
IPEIBIILYIIETO [4IPECHOTO TPOCTPAHCTBA| KOMAH I/ IAHHBIX).

B RSX-11, ucniosn3yiorieii pasnenenne mamaru, fork-mporecc apaiiBepa Bce BpeMsi UMeET JOCTYI K MOJIb30Ba-
TEJILCKOMY aJIpeCHOMY IIPOCTPAHCTBY depe3 KoMaH bl MFPI/MFPD, m103TOMY HE BO3HUKAET HEOOXOANMOCTH KOIMMPOBATD

JaHHBbIE B cUCTEeMHBbIe Oydepa, Kak B Linux.

Heckonbko nHas cxema obMmeHa gaHHbIMU ucrnosb3yerca B Windows NT 1 HEKOTOPBIX MHUKpDOsIEp-
HBIX CUCTEMaX: BMECTO IIPAMOIO OTO6pa}KeHI/IH IIOJIB30BaTE/JIbCKUX aJpeCOB B CUCTE€MHbBIE MJIN CIICIIHAJIbHBIX
KOMAH/| KOIIMPOBAHUS MEXK/Iy aJIPECHBIMH IIPOCTPAHCTBAME HCIIOJIL3YIOTCs Heboubinme (4 Kbaiita B cirydae
NT) pasaensembre 6ydepa. Takoe perrenne MO3BOJSIET OTIACTH 3AIIUTHTH HOJIH30BATEIBCKAE IIPOIPAMMBI
or omubok B Moayisax OC u ympormaer CHHXPOHU3AIMIO JOCTYIIa K PasieisieMbIM JaHHBIM, HO IIPUBOINAT K

SHAYUTEJIbHbIM HaKJIQJHBIM PacCXOoJdaM.

B Windows NT st o6MeHa JAHHBIME MEXKIy MOJb30BATEIHLCKUME MPOTPAMMAMEI U SIPOM HUCIOJIB3YIOTCS
Oydepa, 0THAKO MHOTHE MOJLYJIH si/Ipa OOMEHMBAIOTCS JAHHBIMU IIyTeM IPSMOrO Pa3Je/IeHUs] JacTeil aJpecHOro mpo-
CTPaHCTBa JJIsi OBBIIIeHNs Tpou3BoauTebaocTr. Hecmorpst Ha 310, NT Osim3ka K cTaTycy YeMIIMOHA CPEJ COBpe-
merHbIX OC 110 TOTPEOHOCTSIM B AMSATH W HAKJIAJHBIM PAaCXOJaM, XOTsl U TPY/HO ONPEIEIUTh, C 9eM 9TO CBSI3aHO: C

Oydepusarueil wim ¢ 1eM-a1ub0 erne, HalpuMep, C IJIOX0 COATAHCUPOBAHHBIM JIMCKOBBIM K3IIIEM.

Jlerko MOHSATH, YTO TaKWe MOJYJIN, KAaK IJIAHUPOBIIUK, MEHEKep IaMATH U JpaiiBepbl BHEITHUX
YCTPOMCTB, MOTYT paboTaTh TOJBKO B cHCTeMHOM pekuMe. OOBIYHO B CHCTEMHOM PEXKUME UCIOJIHAETCS BCe
sanpo OC, B TOM 4uncje u Te MOIY/H, JJisi KOTOPBIX 3TO Heobsi3aTeIbHO — (DailjioBble CUCTEMbI, CEPBUCHBIE

MO/Ly/IM Pa3HOI'0 pojia U T.n.

B pesysnbraTe MbI 0/IydaeM ABYXYyPOBHEBYIO CUCTEMY IIPAB, HAIIOMUHAIOIILYIO CUCTEMY IIPUBUJICTUN B

OC cemeitctBa Unix: moib30BaTeILCKIE TPOTPAMMBI UMEIOT JOCTYII TOJTHKO K CBOUM BHYTPEHHUM OOBHEKTAM
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7 T€M BHEITHUM OObEeKTaM, JIOCTYII K KOTOPBIM UM pa3pelleH siIPOM, siIpO ¥Ke 00J1a/1aeT BCEMHU MBICTUMBIMHI

npaBaMi U IPUBUJICTUAMU.

HpI/I 9TOM IIOJIB30BaTEJILCKHE IIPOIrPaMMbl BBIHY2KJ/ICHDBI I10JIaraTbCda Ha IIOPAJOIYHOCTD MO,ZLy.HefI daapa.

Anpo ke 0OBIYHO JTaXke He MOXKET 3(PMOEKTUBHO 3AIUTUTH ceOst OT OMMUOOK B COOCTBEHHBIX MOJLYJISIX.

Kaxkas cucrema 0OBIMHO HCIIOTHSIET 110 KpaliHeil Mepe HEeCKOJbKO JIOTMOJHUTEIBHBIX MOJIyJIel, KO-
TOpbIE XOTs U SBJSIOTCS YaCTBIO sJIpa, HO pa3pabaThIBAJIUCh U OTJIAXKHUBAINCH OTAeabHO oT camoii OC. B
[EPBYIO OYepebh TAKUMU MOJYJISMU SBJISIOTCS JpaiiBepbl BHEITHUX YCTPONCTB, KOTOPbIEe OOBIYHO pa3paba-
TBHIBAIOTCHA (DUPMAMU-U3TOTOBUTEIAIMEU anaparypsl, a e nocrasiukamu OC. Kpome Toro, cucrema mMoxker
HCIIOJTb30BATH BHENTHUE JIpaiiBephl (ailJIOBbIX CUCTEM, CETEBBIX IIPOTOKOJIOB U T.J. Bee aTu Mo1ysin UCIIOTHS-
IOTCs ¢ TPUBUJIETUSIMU CUCTEMHOTO PEXKUMa, U, TAKUM 00pa3oM, MOTYT B CJIydae ONIMOKU HAPYIIUTH paboTy
sinpa. KcTh ocHOBaHUSI YTBEDPXKIATH, UYTO OMMUOKU B TAKUX MOJYJISX SIBJISIIOTCS OCHOBHON NPUYMHON cOOEB

cospeMennbix OC 0b611ero Ha3HaYEHUS.

Keyranme 3amuTuTh SAPO U IMOJb30BATE/IHLCKHAE MPOTPAMMBI OT OIMHMOOK B CUCTEMHBIX MOJYJISIX
BBIHY2KJaeT PAa3pabOTINKOB COBPEMEHHBIX IMIPOIECCOPOB YCIOXKHSATH CTPYKTYPY AIMapaTHBIX MPUBUJIETHN.
Hexoropsbie mporeccopbl, HAIIpUMeEp ceMeicTBO X806, MpejIaraloT HeCKOJbKO YPOBHEH HIPUBUJIETUN B OT/IU-
qpe OT JBYX B MOJIEJIN TI0JIb30BATE b /CYIIEPBU30D, HO U OHM COXPAHSIOT <«KOHIEHTPUYECKYIO» CTPYKTYPY
IpUBUIErHii, Korjga 60jiee MPUBUIETNPOBAHHBIN YPOBEHb aBTOMATHYIECKH IOJIYIaeT JOCTYI KO BCEM O0OBEK-
TaM TPEIBIIYINero ypoBHs. Takmm 0Opa3oM, KO, WCIOJHAIOMMICA B HYJIEBOM KOJIBIIE 3aIUTHI, MAJIO TIeM

OTJINYaeTCs 110 BO3MOXKHOCTAM OT KOJIa CyIIepBU30pPa B CUCTEMaX C JBYyMd YPOBHAMU IIPUBUJIETIHUIL.

AJIbTepHATUBHBIN TIOX0J, COCTOUT B TOM, UTOOBI, HE HAKJ/IAJbIBasI JOMOJHUTEILHBIX TPeOOBaHUN HAa
alnmnaparypy, Kak MOXKHO CHJIbHEe YIIPOCTUTBH CaMO PO W JOIOJHUTEJbHBIC MOJIYJIM, HUCIOJJHSIONINECA B
peXkuMe siipa. JTOT MOJAXO, Pean30BaHHbIN, HApuMep, B Unix, He perraer mpobjeMbl B IPUHITUIE, HO 110

KpaﬁHeﬁ Mepe IMO3BOJIAET YMEHbINIUTH BEPOATHOCTD OIIACHBIX ommuboK B AApe U CUCTEMHBIX MOJYJIAX.

Ornncannasi apXUTEKTypa C PA3JIMIHBIMUA BaAPUAIUSMU HCIIOJIb3YyeTCs B OOJIBIMMHCTBE CUCTEM CEeMeli-
cra Unix, OS/2, Windows NT, VAX/VMS-OpenVMS u OC syist 60sibimnx KomibioTepos dhupmbr IBM: MVS,
VM/ESA, 0S/390. B cOBOKyIHOCTH 9TH CHCTEMbI 00Pa3yIOT MOJIABJISIONIee GOMBINHCTBO coBpeMenHbix OC
00ITIero Ha3HAYCHUSI.

OryacTu MOXOXKYI0 apXuTeKTypy namstu ucrnoibdyer u Windows 95, o sra OC He 3amumiaer 3HAYUTEDH-
HYIO 9aCThb CHCTEMHBIX aJpeCOB OT IIOJIb30BATE/ILCKHUX 3aJadq. HI/IKaK HE 3alllUINeH OKa3bIBaeTCA HepBbeI I\’IeFa6aﬁT
bu3nTIeCKo MaMATH, KOTOPBIA 3a1eM-TO OTOOpaXKaeTcs B aJPEecHbIe MPOCTPAHCTBA BCeX 32-pa3psaHBIX TPOTPAMM,
3Ha4YUTEJIbHAsdA 9aCThb d/Ipa U JTazKe FHO6&HBH3H Ta6HI/IHa JECKPUIITOPOB.

ITopaxkaroT BooOpazkenue 3asapierus pupMmbl Microsoft mo sTomy mosomy. B omsoM m3 mpecc-peausos, omy6-
JINKOBAHHBIX €Il JI0 BBIIYCKA CHCTEMBI, OPUIINATbHBIE IIPEICTABATEN (PUPMBI HA ITOJTHOM CePbhe3e yTBEPK A, ITO
Ha CaAMOM JIeJIe 3aIUINATh HAJI0 JIUIIh epBble 64 KnitobaiiTa aJIpecHoro IpoCTPAHCTBA, TOCKOIBKY, [0 UX N3MEPEHUIM

(1), 90 % omuUbOUHBIX JOCTYIIOB IPUXOIATCI UMEHHO Ha 9TH ajipeca. KKOMMEeHTapuu U3JIUIIHH.

[MIwpokast pacmpoCcTpaHEHHOCTb OOCYXKIaeMOl apXUTEKTYyPhl BOBCE HE O3HAYAET, YTO OHa, JIUIIEHA
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HEJIOCTATKOB. Be3yCI0BHO, OHA JIYUIIIE CHCTEM C OTKPBITOM NaMsAThIO, KOTOPbIE BO MHOTHUX CJIydasX OKa3bIBa-
IOTCsl HEIIPUMEHUMbI WJIM HEY/I00HBI U3-33 HU3KON HAJIE2KHOCTU U HEBO3MOXKHOCTHU CO3/IaHUs dDPEKTUBHBIX
cucreM 0E30IIACHOCTH, HO 9TOTO HEJOCTATOYHO, YTOOBI YTBEPKIATD, UTO TaKasi apXUTEKTYPa OKa3aJIaCh JIyd-

ie BCeX aJIbTepHaTUB.

Ba)KHI)IM HEJIOCTATKOM pPa3Jde/IbHBIX a/JIPECHBIX IIPOCTPAHCTB ABJIACTCA OTHOCUTE/IbHad CJIOZKHOCTDH
pa3iesieHnsT TaMsITH MEXK Iy 3aJiadaMi, 9T0 0COOEHHO 3aMETHO IIPU pa3iesieHnn Komia. lIpociierkuBanue MHO-
2KECTBEHHbBIX CCBLJIOK Ha Pa3/1e/IAEeMYTO 6H6JII/IOTeKy IIOAIIpOorpaMm IIpUBOJIUT K CHU2KEHUIO ITPOU3BOJUTE/ILHO-
CTH aJITOPUTMOB IIOAKAYKHN M IIONCKa 2KEPTBBLI, a TaK>Ke K 60.}166 CJIOZKHOMY YIIPpaBJICHUIO (baﬁﬂOM IIOAKaYKH.
U3-3a sroro y cucrem ¢ gunamudeckoit coopkoit (0S/2 u Windows NT) BupryasbHast IaMsTh 3aMETHO MeHee
addekTrBHA, YeM y cucTeM cemeiicTBa Unix, HCIOB3YIONMX CTATHIECKUE 3arpy309Hble Moy . CraTude-
CKUe€ 2Ke 3arPy30UHbIE MOJIY/IH 00ECIIeIBAIOT FOPA3/I0 MEHBIITYIO0 THOKOCTD, 9eM AuHaMuIecKas coopka. Taxoit

BBIOOD MeXTy «OeIHBIM, HO 3JI0POBBIM» U «OOraThIM, HO OOJIBHBIM» TPYIHO HA3BATD IIPHUBJICKATE/HHBIM.

9.4.2 AunbTepHaTUBHbBIE IIOJIX0AbI K 3AIUTE NaAMSITHU

DompmmHcTBO albTepHATUBHBIX pelleHnit, B ToM umcjie u 432, Tak WIN WHAaYe BOCXOAAT K CHUCTEMaM
Burroughs, mepsbie n3 KoTOpbIx ObLTH paszpaboTanbl B Kouie 60-x rT. B 9TuxX cucremMax MCHOIHL30BaIaCh CEr-
MEHTHAas BUPTYaJIbHAs IMaMsITh, HO BCE 3aJa9U PA3/IE/Isiin ODIILYI0 TabJINILy JIECKPUIITOPOB CEIMEHTOB. TakuMm
00pa3oM, MOXKHO CKa3aTh, UYTO BCE 3aJIa9M MMeJH 00Iee aJIpecHOe MPOCTPAHCTBO. PazeneHue x)e nocTyna

K cerMeHTaM OCYIIECTBJIAJIOCH IIyTEeM H36HpaT€JIbHOfI BblJJa91 CEJIEKTOPOB.

B Burroughs nonbzosarenbekast mporpamMma He MOIJIa CAMOCTOATEILHO (POPMUPOBATH yKA3ATEIN, TAK
KaK 9TU MalllUHbI UMEJIN TeI‘OByIO a.pXI/ITeKTypy, KOor'Ja KazK1asd sTIeKa JaHHBIX CH&6}K€H& olrucarTresIeM-TeromMm

(tag), yKasblBalOIUM Ha THII JAHHBIX, XPAHSIIUXCS B JIAHHON stuefike.

Bﬂaro;zapﬂ TeraM KOMaH/bl MO,JI/Id)I/IKaI_H/H/I CKaJISIPDHDBIX JIAHHDBIX HE MOI'YT OIIEpUPOBaTbH C yKa3aTeJ/IsIMU. Ko-
MaH/Jbl 2Ke CO3JaHuAd H MO,HI/Id)I/IKaHI/H/I yK&SaTeﬂefI SABJIAIOTCs IIPUBUJIETUPOBAHHBIMHA W JIOCTYIIHBI TOJIBKO

CIIeIHaIN3UPOBAHHOMY MOJYJIIO SJIPA.

IIpocrast mepemada ykasareas MeXKIy 3agadaMu B Burroughs mpumsomuia K ToMy, 9TO 3amada-
[oJIyvaTe/ib MoJydaja JOCTYI K YKa3yeMOMY OOBEKTY, UTO B CHCTEMAX C Pa3eJbHBIMH TaOJIUIAMK JIe-
CKPHUIITOPOB COOTBETCTBOBAJIO OBI OTOOPAYKEHNIO 0OBEKTA B ABa aIPECHBIX IPOCTPAHCTBA, HO 6€3 CBI3aHHBIX
¢ 0TOOpazkKeHNEM CJIOXKHOCTEH U HAKJIAIHBIX PACXOL0B. JTO AeJIaeT apXUTEeKTypy Tuna Burroughs ouens npu-

BJIEKATEJILHON ajlbTepHATUBOM cUcTeMaM ¢ pa3je/IeHueM aJI[PECHBIX IIPOCTPAHCTB.

OjtHakO Ha MaIlMHAX, He MCIIOJIb3YIOIIINX TErOB, TaKasi apXUTEKTYPa MPUBOINAT (DAKTUIECKH K TIOJTHO-
MY OTKA3y OT 3AIUTHI MAMITH. 1eru 2Ke, B CBOIO OYepe/ib, IPUBOJIAT K 3HAUUTEILHOMY yCJIOXKHEHUIO AIlla-
paTypsl IPOIEeccopa U CUCTEMbI KOMaH/I, YTO IIPUBEJIO K IIOYTHU [OJTHOMY BBITECHEHUIO TEI'OBBIX apPXUTEKTYP C

poiika B 70-e rr. HecmoTpst Ha 9T0, Mest UCIIOIBL30BATh KOHTPOJIb 3a Iiepejiadeil yKkasaTeseil BMecTo pas/iesie-
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HUS aJIPECHBIX IIPOCTPAHCTB IPOJIO/IZKAIa HHTPUTOBATH Pa3pabOTINKOB U HCC/IeI0BaTEeH Ha MPOTIKEHIH

70-x rr. Hesicno 66110 TOJIBKO, KaK 9hMOEKTUBHO PEAN30BATH TAKOW KOHTPOJIb.

OjtHa U3 OCTPOYMHBIX Uil COCTOSIIA B TOM, 9TOOBI BBIITOJHSTH KOHTPOJIb 38 MOIU(UKAIINEH yKa3a-
TeJell CTaTUYECKH, ellle Ha dTare acceMOaupoBanus win Komnumiaiuu. [lojydanock, 4To cucrema JoBepsieT
SI3BIKOBBIM ITPOTIECCOPAM B TOM, UTO OHHU BCETJIa NeHEPUPYIOT TOJBKO 0E30MAaCHBI KO, DTOT MOIXO0J], OBLI
peajn30BaH BO MHOT'HX KCIIEPUMEHTAJbHBIX CUCTEMaX, HO OKa3aJiCsl HEIIPUTOJIEH JJIs PeabHBIX IIPUJIOXKe-
HUI, TJe 9aCTO BO3HUKAET HEOOXOINMOCTH UCIOJ/IL30BATH A3BIKOBBIE ITPOIECCOPHI, Pa3pabOTaHHbIE TPETHUMEI

OpraHu3alugMU.

Verexu MUKPOIPOrPAMMUPOBAHUS IIPUBEIN BO BTOPOi mosioBune 70-x — Hadaje 80-x rr. K OyiiHOMY
pacisery CISC-apxurexTyp. B Mukpokos neperocun uarepinperaropst Lisp, SmallTalk u mesibre moynu ore-
pammonHbIX cucteM. Ha one 3T0T0 paciiBera BO3HUK/IA HOBAsl BOJIHA HHTEPECA K ADXUTEKTYPAM C KOHTPOJIEM
3a nepejgadeil ykazaress. Hampumep, uuero i432, kpaTko ob6cyx)k1aeMoro B 1. 9.4.3 Toxke MOXKHO IIPOCTIETUTD

BILIOTH JI0 YKEJIAHUsI YIyYIIATh U YCOBEPIIIEHCTBOBATh apXUTeKTypy Burroughs.

Cpeau Bosuukineii Bosiabl CISC-apXxuTekTyp TAKOro TUIA HeJlb3sl He YHOMsIHYTh System /38 dupmbl
IBM, kparko onucanuyo B [25] u psize apyrux pabor.

Buaunrenbuas dacts OC System/38 peasmzoBana mukpouporpammuo. Tounee, B 9TOil cucremMe TPYIHO CKa-
3arh, rje Koundaercs OC n HaumHaeTcs cucreMa KoMman . CucreMa HCIoJIb3yeT OJIHOYPOBHEBOE JIPECHOE TPOCTPAHCTBO
JIJIsI OIIEPATUBHOM U BHemHel namsitu. Bee ajipecHoe mpocTpaHCTBO pa3zdbuTo Ha 0OBEKTHI PA3JIUIHBIX TUTIOB. Kak 1biit
00beKT mMeeT HAOOp aTpuOyTOB, BKIOYAS UMs 00bEKTa U UIACHTHMOUKATOP ero Biagenbiia. CTpyKTypa OOIBITHHCTBA
00'BbEKTOB CKPBITA OT MPUKJIAIHBIX TporpaMM. JocTyir K 00beKTaM OCYIIeCTBIISIETCs Clenra bHbIMI KoMaHamu. Ome-
pamuu JieJisiTCsl Ha TUIIOBBIE, NTPUJIOXKUMbIE K JIFOOBIM OObEeKTaM, M yHUKAJbHBIE, IIPUJIOXKUMBIE TOJBKO K 00bEeKTaM

OIIpeACJICHHOI'O THUIIa.

Jocryir K 00beKTaM MOXKET OCYIIECTBJISITHCsT KaK II0 aJIpecaM, Tak U 110 CUMBOJIBHBIM UMeHaM. PoJib KaTajioros
upy npeobpa3’0BaHUM UMEH B aJIPeca BBIIOJHSIIOT CIEIUaJbHble 00beKThl, Ha3blBaeMble KOHTeKcTamu (context).
Anpec, Ha3BIBAEMBIil CUCTEMHBIM yKAa3aTeJIeM, COCTOMT U3 PACHOJIoKeHus 00bekTa (T.e. COOCTBEHHO yKa3aTess) U
npaB focTyna K 06bekTy. VI3Menenne mpas JIOCTYIIa OCYIIECTBJISIETCS CIenuaJbHbIMU KoManmamu. [lonb3oBaTess ne
MOKET M3MEHUTh TH IPaBa IPAMBIMUA OMTOBBIMI MaHUIYIAMsiMU. Takum obpasom, System/38 Bmecro pasmeseHust
aJIPECHBIX TPOCTPAHCTB UCIOJIL3YeT KOHTPOJIb Mepeiadn yKasaress, Kak u Burroughs. Ykazarenb ¢ orpaHndeHHbIMEI

paBaMu NPHUOIN3UTETBHO COOTBETCTBYET MaHIATY B 1432.

[Tosp3oBaTeIbCKAS POrPAMMa, MOYKET COOMPATH COCTABHBIE O0HEKTHI N3 HECKOJIBKUX 3JIEMEHTAPHBIX 00HEKTOB.
Hamnpumep, pensimonHas 6a3a JAHHBIX MOXKET COCTOSATDH M3 HECKOJIBKUX TAOJIUI JAHHBIX, WHIEKCOB JJIs KaXKI0W u3
TaOJIUI, Kypcopa M CerMeHTa TMaMsITH JJIs CKaJsIPHBIX TepeMeHHbIX. llob30BaTesih MOXKET paccMaTpuBaTh TAKYIO

CJIOYKHYIO COCTABHYIO CYITHOCTH KAaK €JMHbBIA 00bEKT.

YacTb TUIIOB 00BEKTOB MOXKET OBITH COITOCTABJIEHA C CEIMEHTAMU KOJIa U JIAHHBIX B TPAJIUITUOHHBIX apXUTEK-
Typax — 9TO OOBEKTHI, COJEPKAIINE CKAJIsIDHbIE JTaHHBIE U KOM. Jpyrue oObeKThI, TaKne KaK OIMUCATEN JIOTHIECKUX
YCTPOWCTB U CETEBBIX IIOPTOB MJIM TOJIb30BATEIbCKIE TPOMUIIN, JINIIH C OOIBITON HATSIKKON COMOCTABIISIOTCS C OOBIY-
HBIMHU cerMeHTaMu. MHorue Tuibl 06beKTOB OPUEHTUPOBAHBI Ha, PADOTY € PENISIUOHHBIME 0a3aMU JIAHHBIX. DTO TaKHe

TUIIBI, KaK:
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Data Space — obacTh JaHHBIX pa3duTas HA 3aIMUCH PUKCHPOBAHHOTO (popMaTa, COOTBETCTBYIONIAs TabnIe B 0ObIU-

HbIX pensunonunix CYB/;
Data Space Index — umnHzekc moucka jist TaOJIAIIL;

Cursor — cpezcTBO [/ aapecanun B TabJIuIe.

Konmnenmust System/38 mosiyuniia HECKOJIBKO HeOKujaHHOE pasBurTue B Mammuax cepun AS/400
(Application Server — cepBep mnpuioxenuii). System/38 wucrosib3oBaa MUKPOIPOIpAMMHOE OGeCHedeHne
60JbIIor0 00beMa. BoJIbIdst YacTh MUKPOKO/A XPAHUIACHE B OCHOBHON HAMSITH, UTO B 3HAUYUTEIHLHON Mepe
Pa3MBbIBAJIO I'DAHUILY MEXKJLy MUKDPOKOJIOM 1 00bIdHBIME Iporpammamu. IIpu paspaborke AS/400 paspabor-

quku dhupmbl IBM crenanu cMmebrii mar, IepeMecTiB 9Ty IPAHUILY U3 IIPOIECCOPa B 3arPy3UUK IIPOTPAMM.

B mpamunmonnsix CISC-cucremax meHTpasIbHbBIN MIPOIECCOP U3BJIEKAET U3 OCHOBHOM IMaMSTH KOMaH-
JIbl MAIIMHHOTO $3bIKA U IPeodpas3yeT UX B IOCIEIOBATEHHOCTH MUKpOKOMaH#. B Tpamurumonubix RISC-
cucTeMax MHKPOKOMAaH][ KAK TAKOBBIX HET, U allllapaTypa IPOIEeCccopa HEIOCPEJICTBEHHO UHTEPIPETUPYET
mamuHHbI 36K, B AS/400, kak 1 B CISC-cucremax, cymiecTByer pasjimdie MexKJy <«BHEITHUM» MaIliH-
HBIM S3BIKOM, KOMAHJ[bI KOTOPOT'O XPAHITCS B OMHAPHBIX 3aIDY309UHBIX MOJIYJISIX, 1 KOMAHIAMH AIIAPATYPBI
HITY. Oprako npeobpa3oBaHre BHENIHETO MAIIMHHOIO KOJIA B SI3bIK KOMAH/I [IPOIECCOPA ITPOUCKOIUT B MO-
MEHT 3arpy3Kd IPOrPpaMMbI. 3arpy3vunK CUUTHIBACT U3 3arPY309YHOIO MOJLYJIS [TOCJIEI0BATEIBHOCTD BBICOKO-
YPOBHEBBIX O0'bEKTHO-OPUEHTUPOBAHHBIX KOMAH]I U IPeobpa3yeT UX B MOCIEIOBATEIFHOCTh KOMAaH/] PEAJib-
noro IIITV. B cospemennbix mogensix AS/400 ucnosnbsyercst RISC-miporieccop ¢ cucremoii koman i Power, B
OCHOBHOM aHAJIOTMYHBIN 1IporieccopaM, ucnosb3yeMbiM B RS/6000, PowerPC u PowerMAC. Tlosib3oBarens He
MOXKeT c(POPMHUPOBATH U 3AIlyCTUTH ITPOU3BOJIBHYIO MOCJIEI0BATEIbHOCTL KoMaH 1 3Toro LIITY u Boobiie He

UMEET JIOCTYIa K PeaJbHOMY IIPOIIECCOPY.

Mozxkuo ckazaTrh, uro AS/400 mpescraBiser coboil yIadHBII KOMIPOMICC MEXKJY YIOMHUHABIIEHCS
BBIIIIE Uieeil O CTATHIEeCKOM KOHTPOJIE 3a Iepejiadeil ykasareseil Ha drare KOMITUIAIIN/acceMOIMPOBAHIS
1 TpeOOBAHUSIMU TPAKTUKU SKCIUIyATAIlMN BBIYUCIUTEIbHBIX cHcTeM. f13biKoBBIe mporeccopbl B AS/400 re-
HEPUPYIOT BBICOKOYPOBHEBBIE KOMaH/Ibl, PEAJIbHDBII K€ IIPOIECCOP HCIIOJHSAET KOJ, CO3JaHHBII CHUCTEMHBIM
3arpy3YuKOM Ha OCHOBE 3THX KOMaH/[I. BoJibiitast 9acTb MPOBEPOK «OE30MACHOCTH» UCHOJHAEMBIX OIEPAIIHil

BBITIOJIHACTCA 3arpy39YUKOM CTaTHYIECKU U HE OKa3bIBa€T BJINAHUA Ha IIPOU3BOAUTEJIBHOCTL CUCTEMbI.

Taxkoit oIX0T UMEET eIre OIHO OOJIBIIOEe PEUMYIIECTBO: TelePh OKA3bIBAETCS BO3MOXKHBIM ITPOU3-
BOJIbHO MEHSTH CUCTEMY KOMAaH] MEeHTPAJIBLHOTO IIPOIeccopa, He Tepss COBMECTUMOCTH CO CTAPBIMU 3arpy-

309YHBIMU MOJLYJISIMU.

9.4.3 B3amMHO HeZOBEPHAIOINNE II0ACUCTEMBI

C Touku 3peHnst 6€30MACHOCTH OCHOBHOM MPOOJIEMOI CHCTEM € KOJIBIIAMH 3AIMUATHI SIBJISIETCSA HECITOCOOHOCTD
TaKUX CHCTEM BAIlIUTUTH cebsi OT OMMOOK B MOMYJISIX, HCIOJHSIOMINXCS B BBICIIIEM KOJIbIE 3allUThl. B cBere

9TOr0, OY€Hb IPUBJIEKATETLHON KOHIIEIIIHel TpeCTaB/IsIeTCs nies B3ANMHO HEJOBEPSIOIIUX MOACUCTEM.
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CorytacHO 9TOil KOHIIEMINH, OJIb30BATE/IbCKAs 3a/1a49a He JOJKHA IIPEJOCTAB/ISTL CHCTEME IOCTY-
I1a KO BCEM CBOMM JAaHHBIM. BMecTo 9TOro 3ajada JIO/KHA BBIJIEISITH MaHOAT Ha JOCTYyH K Oydepy wmiam
HECKOJILKNM OydepaM, mpegHasHadeHHbIM /I OOMeHa JaHHbIMHA. Bce akThl oOMeHa JaHHBIMU, KaK MEXKITy
MOIb30BATEIHLCKON 3aJladeil U CUCTEMO, TaK W MEXKJy ABYMS IOJIB30BATEIbCKUMH 3aJlatdaMi WA JIBYMSI

MOOYJIAMHA CUCTEMDBI, TaK?K€ OCYIIECTBJIAIOTCA IIPU IIOMOIIU II€epeJadIr MaHJIaTOB.

Hamnpumep, nipu ucrno/iHeHnn CUCTEMHOTO BbI3oBa int read(int file, void * buf, size_t size)
mporpamMMa JIOJIZKHA MepeJIaTh CHUCTeMe MaHIaT Ha IpaBo 3amucu B Oydep buf pasmepom size 6aiit. Ilpu
sToM Oydep Oyer 0ToOpazkeH B aJIpeCHOe MTPOCTPAHCTBO TOJCUCTEMbI BBOJIA/BBIBOJIA, HO 3Ta MOJCUCTEMA HE
[OJIYUNT IIpaBa 3alliCH B OCTAJIbHOE aJIpeCHOe ITPOCTPAHCTBO Hallel 3ajadu. BrpodueM, 5TOT MOIXO HMEET

JIBE OUEBUIHBIE TTPOOIEMBI:

e [Ipu ncrno/b30BaHNN CTPAHUYHBIX U JBYXCJIOMHBIX CErMEHTHO-CTPAHUYHBIX MUCIIETYEepaX IMaMATH MBI
MOXKeM OTOOpaXkaThb B Uy2KHE aJIPEeCHbIE IMPOCTPAHCTBA TOJIBKO OOBEKTBI, BHIPOBHEHHBIE HA T'DAHUILY

CTpPaHUIbl 1 UMEIOINUE pa3Mep, KPATHBI pa3dMepy CTPaHUIIbL.

e Mbr Bce paBHO He MOXKeM M30aBUTHCS OT CyIlepBH30pa. B [TaHHOM ClIydae 9TO JO0JXKEH OBITH MOIYJIb,
OTBETCTBEHHBIN 38 (POPMUPOBAHIE MaHIATA W Pa3MeIleHne 0TOOParKeHHOTO MOJIYJ/IsI B aJIPECHOM IIPO-

CTPaHCTBE 33/1a9H, MTOJyJIatomeil MaH/IaT.

[TepBas mpobiema SBISETCS YUCTO TEXHUYIECKON — OHA HPUBOIUT JIUIIL K TOMY, 9TO MBI HE MO-
2KEeM I10JIb30BaThCs CTPAHUYHBIMU JIUCIIETYEPAMU U OKA3bIBAEMCs OIPAHUYEHbl CEIMEHTHBIMU JIUCIIETYepaMu
MMaMsITH, B KOTOPBIX pa3Mep CerMeHTa 3aJIaeTCsi ¢ TOYHOCTBIO 10 Oaiita mau xoTd Obl 10 cioBa. ducro cer-
MEHTHasI [IaMATh CTPAJIaeT OT (pparMeHTaIllud U UMeeT Psijl CHeNu(PUICCKUX HEIOCTATKOB IIPU OPTaHU3AIIMH

BI/IpTya.HbHOﬁ MaMATU, HO MHOT/Ja TaKYIO IIEHY CTOUT 3allJIATUTDL 3a IIOBBLIIMIEHUE HAIE2KHOCTU.

OjtHako BTOpasi IpobjIeMa SIBJISIETCS IPUHIMIIMAJIBHON 1 04eHb riiyboKoil. DakTuvecku ¢ aHAJIOTHY-
HOI MpobIeMOl HEPEJIKO CTAJKUBAIOTCSA MHOTHE OIOPOKPATHYECKUE OPTaHU3AINN, B KOTOPBIX KJIEPK, BBIIA-

oyl OyMarkKuy, Ha MMPAKTUKE OKA3bIBAETCA OOJIEUeH HU C YeM He co0Opa3HO#l BIACTBIO.

QOyHKIINT MOJYJIsI, YIPABJIAIONIETO BhIIaUell MaHIATOB, OKA3bIBAIOTCS CJIMIITKOM CJIOKHBI JIJI AIllla-

paTHON WK JarkKe MAKPOITPOrPAMMHON PeAIM3aIln. JTOT MOLYJIb JI0JIKEH BBITIOJHATD CaeyIonue (byHKIn:

e YV0enuThCsl B TOM, UTO IIepeaaBaeMbIil OObEKT IEeJIMKOM BXOIUT B OIUH CETMEHT UCXOIHOIO aJIPeCHOTO

IIPOCTPAHCTBA.

e Ecim 00bekT cocTouT M3 HECKOJIBKHX CEeIrMEHTOB, Pa3yMHBIM 00pa3oM 00paboTaTbh TaKylo CHUTYAIIHIO.
st mporpaMMHOI peain3aliii MOXKET OKa3aTbCsl YKeJIAaTeJbHBIM YMeHne OObeIUHUTH BCE 3JIEMEHTHI
B ouH cerMeHT. Jljisi ammapaTHOH WM MUKPOIPOIPAMMHON pean3aliid JOCTATOYHO XOTs Obl yMeThb

CreHepupoBaThb COOTBETCTBYIOIIEE NCKJIIOYIEHNE.

L4 C(i)OpMI/IpOBaTI) COIEPZKUMOE JTECKPHUIITOPa CETrMEHTa JIJId 00bEeKTa U 3alliCaTh B HErO COOTBETCTBYIO-

e mpasa. dTta onepaius Tpedyer dopMupoBanus 4 - 5 OUTOBBIX TOJIEH, U 3alUCh €€ AJITOPUTMA Ha
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TICEBIOKO/IE 3aiiMeT OKOJIO JTeCSTKa omepaTopoB. [1o ciioskHOCTH aropuTMa OlHA TOJTBKO 3Ta OMePaIust
cpaBHUMA ¢ HanboJiee CJIOKHBIMUA KOMaHiaMu coBpeMeHHbIX KoMMepueckux CISC-mporieccopos, Takux

kKak VAX mim TpaHCIBIOTED.

e OrmeruTh 0ODOIIECUCTEMHOM 6a3e JTaHHBIX, YTO Ha COOTBETCTBYIOILYIO 00/1aCTh (DPU3UIECKO TAMSITH CY-
IIECTBYET JIBE CCBIJIKU. DTO HYXKHO JJIsI TOTO, IYTOOBI IIPOIECCHI jiepparMEeHTAIINN U YIIPABJIEHUs] BUP-
TyaJbHON TaMSTBIO IMPABUJILHO 00padAThIBAIN TEPEMEIEHNsT CETMEHTa 10 MaMsITH U ero IePeHoc Ha
JUCK, OTMedasl U3MeHeHusl (PU3MIECKOro aJipeca WM MPU3HAKA IPUCYTCTBUS BO 68CET JECKPUIITOPAX,

CCBLIAIONINXCS HA JIAHHDBIN cerMenT. Huke sTa nmpobsema Oyer obcyKaaThes moapobuee.

e HaiiTu cBOOOIHY O 3amKCh B TabJIMIIE JEeCKPUIITOPOB CEIMEHTOB 3aIaUn-TI0JIy IaTeIsl. DTa olepalis aHa-
JIOTUYHA, CTPOKOBBIM KOMaHiaM coBpeMeHHbIX CISC-IporeccopoB, KOTOpbIe caMu 10 cebe CIUTAI0TCsT

CJIO?KHBIMU KOMaHIaMHU.
e PazymubIM 00pa3oM 00paboTaTh CUTYAIUIO OTCYTCTBHUS TAKON 3aIliCH.

e Banucark c(OOPMUPOBAHHBIHN JTECKPUIITOP B TAOJIMILY.

Ho errie 6obiite ipobiiem co3maeT omepalys yHIITOKEHIST MaH aTa. JIerko moka3ars HeoOX0IuMOCTh

TpeboBaHUs, YTOOBI YHHITOXKEHIE MAHIATa OCYIIECTB/ISLIOCH TOH 2Ke 3aj1adeil, KoTopas ero co3aaJa.

Hampuwmep, npejcraBum cebe, 9TO MOJIB30BATEILCKAST TPOIPAMMA IE€PEIaia KAaKOMY-JIU00 MOIYJTIO
MaHJAT Ha 3alliCh B JUHAMUYECKU BblIeaeHHbIH Oydep. [IpeacraBum cebe Takke, ITO 3TOT MOY/Ib BMECTO
YHUYTOXKEHUS MaH1aTa [10CJIe IIEPeJIadu JIAHHBIX COXPAHUJ €0, IIOCKOJIbKY Hallla CUCTEMa IIPEJIII0JIaraeT, YTo
HU OJIHOMY W3 MOJIyJIell HeJIb3sl TOJTHOCTBIO JOBepATh! FEciim MBI BBIHYKJIEHBI TPUHUMATL B PacdeT TaKyTo
BO3MOXKHOCTb, MBI HE MOXKEM HU ITOBTOPHO HCIIOJIb30BATH TaKoit Oydep /st ApyTrux meJieii, Hu JaxkKe BO3Bpa-
TUTH [TaMSTh U3-110J Oydepa cucreme, MOTOMY UTO HEJIOBEPSEMbI MOIYJ/Ib MO MPEXKHEMY MOYKET COXPaHSTH

IIpaBoO 3allUCHU B HETO.

B cBeTe 3T0T0 BO3MOXKHOCTS JIJIST 3a/1aYH, BBIIABINENH MAHIAT, B OJHOCTOPOHHEM ITOPSIIKE IPEKPAIIATh
€ro JIeficTBUE MPEICTABIAETCH KU3HEHHO HeobxouMoii. OTKa3 0T 9TOH BO3MOXKHOCTU WM €€ OIPAHUYCHUE
MPUBOJNAT K TOMY, UTO 3aJada, BbIJAIONAsd MaHJAT, BEIHYKIEeHA JOBEPSTh TeM 3ajadaM, KOTODBIM MaHIaT
ObLT IIepeIaH, T.e. MOXKHO He TOPOJINTH ONOPOJT U BEPHYTHCA K OOLIYHOM JBYXYpPOBHEBOI MM MHOT'OYPOBHEBOIT

cucTeMe KOJIell 3aIlluThI.

st mpekparltenns: AeficTBUs MaH/aTa MbI JIOJI2KHBI OTBICKATH B HaIleil 00IecucTeMHON 6a3e JTaHHBIX
BCE CCBHLIKHM Ha HHTEPEeCYIOInii HaC O0bEKT U OObSBUTH WX HEAEHCTBUTEIbHBIMU. IIpu 9TOM MBI JTOJI2KHBI
IIPUHATHh BO BHUMaHUE BO3MOXKHOCTH MHOT'OKPATHON Nepeadn MaH/laTa U MOBTOPHOU BbIJIAYW MaHJIaTOB Ha
OTJeIbHBIE YAaCTH 00beKTa. AHAJOTHIHYIO 3384y HYXKHO PeIlaTh IPHU IMepeMeleHn OObeKTOB M0 MaMsITH

BO BpeMms jedpparmeHTaiiuu, coOpoce Ha JIMCK U MMOUCKE YKEPTBBI JJIsT TAKOro copoca.

CprKTypa 9TOI 6a3bl JIAHHBIX IIPEJICTaBJ/IACTCA HaM COBEPIIIEHHO HeHOHHTHOfI, IIOTOMY YTO OHa JTOJI2K-

Ha OTBE€YaTb CJIeAYIONINM Tp€6OBaHI/IHMZ
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e obecreunBaTh OBICTPBIN MMOMCK BCEX CEIEKTOPOB CEIMEHTOB, CCBHIJIAIOIINXCS Ha 3aJaHHBIA OaillT mu

CJIOBO ITaMATH;

e obecreunBaTh 6bICTpO€ n 1IpocToe ,HO6&BJI€HI/IG HOBBIX CEJIEKTOPOB, CCBLJIAIOIMIUXCA Ha IITPOU3BOJIbHLIC

YaCTHU CYIIECTBYIOIINX CEIMEHTOR;

® 3aHUMATL He OOJIbIIIe MecCTa, 9eM ITaMAThb, OTBEeAeHHad 110 CEIMEHTDI.

[Tociemnee TpeboBaHme HENOCPEACTBEHHO HE CjeAyeT M3 KOHIEIINNA B3aUMHO HEIOBEPSIONINX II0JI-
CHCTEM, HO JUKTYETCs IPOCTBIM 3APABLIM CMBICJOM. EC/IM MBI U CMUpHMCH C ABYX- WU 00jiee KPaTHBIM
yBeJImvIeHneM HOTPeOHOCTell B MaMSATH, ONMPABIbIBAs €0 MOBBINIEHNEM HAJIEKHOCTU, HEeIb3s 3a0bIBATh, ITO

HaXkKe IIPOCTOi MMPOCMOTP MHOTOMETabaNTHBIX TAOJIMIT He MOXKET OBITH ObLCTPBIM.

B cucremax, ucroip3yomux cTpaHHIHbIE JUCIIETIEPhI ITIaMITH, PEIITHTD 9TH MPOOIeMbl HAMHOIO IIPOIIIe, IT0-
TOMY 9TO MHHUMAJIbHBIM KBAHTOM Da3/eeHUs TaMsITH SIBJISI€TCS CTPAHHUIA PAa3MePOM HECKOJIBKO COTEH b6aiT
HJIH HECKOJIBKO KHJI00aHT. Biraromapss 5ToMy MbI CME/IO MOXKEM CBSI3aTh C KaXKIBIM Pa3/1e/IseMbIM KBAHTOM
HECKOJIBKO JIECSITKOB OaiT JaHHBIX, 00€CIeIHBAIOIINX BBIIOJHEHIE MEPBBIX ABYX TpeboBauuii. Ecin >xe mmu-
HUMaJIbHBIM KBAHTOM SIBJISIETCST OAHT HJIH CJIOBO MAMSITH, HAIIH CTPYKTYPBI JAHHBIX OKasKyTCsI BO MHOI'O pa3

boJIbIIIe pacHpeaesasseMO IaMsITH.

ABTOpBI OCTABJISIIOT YUTATETIO BO3MOYKHOCTL MOMPOOOBATH CAMOCTOSITETHFHO Pa3zpaboTaTh COOTBET-
CTBYIOIILYIO CTPYKTYPY JaHHBIX. B KadecTBe O0jiee CII02KHOIO YIIPaXKHEHUS MOXKHO PEKOMEH IOBATDH 3aIUCATh
aJITOPUTM pabOTHI C TAKOW 6301 JIAHHBIX HA IICEBJIOKOJIE, YAUTBIBA, YTO MbI XOT€EIU Obl UMETh BO3MOYKHOCTH

peasin30BaTh 3TOT aJrOPUTM allllapaTHO UJIX 110 KpaliHeil Mepe MUKPOIIPOI'PAMMHO.

B kauecTBe IOTOJHUTEIHLHOTO CTUMYJIA JIJI TUTATENsI, PENIUBIIErO B3ATHCA 38 ITY 3aJa4Ty, CKAXKEM
ere, 9YTo paspadborauku pupMmol Intel He cMmorin HAKTH yIOBIETBOPUTEILHOTO PEIICHUS.

ABTOpaM M3BECTEH TOJIBKO OJMH IIPOIECCOP, IIPUIOIHBIA JIJIsi TOJTHOIIEHHON peasin3allid B3aUMHO HeJIOBepsi-
fomux moacucrem: iAPX432 dupmer Intel. Bmecro cozpmanust cucreMHON 0a3bl JaHHBIX O MHOXKECTBEHHBIX CCBHLIKAX
Ha OOBEKTHI, crenuajucThl ¢pupMbl Intel ycaokunnam mgucrerdep maMaATH U COOTBETCTBEHHO aJTOPUTM pPa3pelIeHUs

BUPTYAJIbHBIX &/IPECOB.

Bupryanbnstit agpec B i432 cocTouT m3 cejeKTOpa OObEKTa U CMEINeHUs B 3TOM 00bekTe. CemeKTop 00bek-
Ta cchuIaeTcs Ha Tab/MILy JOCTYIa TeKyllero JoMeHa’. DjeMeHT TaG/MIbl COCTOMT W3 HpaB JOCTYHA K OOLEKTy 1

YKa3aTeJsisd Ha Ta6JII/ILIy 00'bEKTOB IIporiecca.

DjeMeHT TabJIUIBI 0OOBEKTOB MOXKET COJIEPXKATH HEIIOCPE/ICTBEHHYIO CCHUIKY Ha 00JIaCTh JAHHBIX 00BHEKTa —
TaKoil OObEKT AHAJIOIUYEH CEIMEHTY B OOBIYHBIX JUCIETYEPAX IMaMsITH, OJHAKO OOpalleHne K HEMY IIPOUCXOIUT Yepe3

JABa YPOBHA KOCBEHHOCTH. Nupivm CJIOBaMHU, BMECTO

segment_table[seg] .phys_address + offset

6 Tomen npejicrapisieT cOGO MPOrPAMMHEEIL MOJLY/Ib BMECTE CO BCEMH €r0 CTATHYECKMMH M JMHAMUYECKUME JAHHBIMA. 110
njee paspaboTIMKOB, JIOMEH COOTBETCTBYET 3aMKHYTOMY MOJYJIIO SI3bIKOB BBICOKOTO ypPOBHsI, Hanpumep mnakery (package)

sa3biKa Ada.
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MBI IMeeM
object_table[access_table[selector]] .phys_address + offset.

JlonoTHUTEIbHBI yPOBEHb KOCBEHHOCTH IIO3BOJISIET HAM YIPOCTHTH OTCJIEKUBAHUE MHOYKECTBEHHBIX CCHLIOK
Ha OOEKT: BMECTO HCIIOIBb30BAHHS CTPYKTYDBI JAHHBIX, KOTOPYIO MBI TAK M HE CYMEJU H300PECTH, MBI MOXKEM CJIe-
JIATH TOJIBKO 38 JIECKPUIITOPOM UCXOJHOIO OOBEKTA, IIOCKOJIBbKY BCE CCHUIKU Ha OOBEKT Yepe3 JECKPHUIITODBI JOCTYIIa
BBIHY?KJIEHBI B UTOT'e [IPOXOJUTH Yepe3 JEeCKPUITODP OObEKTa.

Bosee c10:KHBIM TUTIOM OGBEKTOB SBJIAIOTCA Yy TOYHEHUS — OObEKTHI, CChIIAOIINECS] HA OT/IEJIbHBIE JIEMEHTHI
Ipyrux 00beKToB. Bmecto dusuueckoro agpeca U AIHHBI ACCKPHUIITOP TAKOTO OOBEKTA CONCPIKUT CEAEKMOP UEACB020
ceamenma, CMeNeHre yTOIHEHNST B eJeBOM OObeKTe M ero JuinHy. IIpn CChIIKe Ha yTOYHEHHUE JUICIETYED IMaMSTH
cHAYAJIA IPOBEPSET JOIYCTUMOCTD CMEIIEHHs], & 3aTeM IIOBTODSET IOJIHYIO IPOIEAyDPY DA3PEIIeHns] U IPOBEPKH IIPAB
JIOCTYTIA JIsT T1e1eBOTO 00bekTa. 1leseBoil 00beKT TakKe MOYKET OKa3aThCsl YTOYHEHHEM, U JMCIIeTYep NaMsATh OyieT
[OBTOPATH HPOIEIYPY JIO TeX IOp, IOKa He JOHIET 10 0ObeKTa, CChUIAIONErocs: Ha (GU3MYecKylo IaMsaTb. Bosee
OAPOGHO STOT MEXaHU3M OLMCaH B padore [24].

YTouHeHNs O3BOJISIFOT PEIUTh IPOGJIEMY BBIIAYN MaH/[ATOB — MAHJIAT PEAIN3YeTCsl KAK yTOUHEHNE HCXOHOTO
00beKTa (HAIpPUMED, CeMMEHTa JAHHBIX MOJY/IA, B KOTOPOM BbIeaeH Oydep), a IporpaMMe-IoIydaTesIio IepeaeTcs
Jlake He CaMoO yTOYHEHMe, & JIMIIb JeCKPUITOP JocTyna K HeMmy. s mpekpalneHus! AeficTBus MaHIATa JOCTATOM-
HO YJIAJIUTh JIECKPUNTOP yTO4YHeHus. [locie 5TOro Bce mepeiaHHbIe JAPYIUM MOJIYIISIM JIECKPUIITOPHI JOCTYIa GyIyT
yKa3blBaTh B IIyCTOTY, T.€. CTAHYT HEJEHCTBUTEIBHBIMI. 3aa41 JKe [epeMelleHns n copoca 00bEKTOB Ha JIUCK Pellia-
I0TCH Iy TeM U3MEHeHUs! (DU3MIECKOrO a/Ipeca WM MPU3HAKA IPUCYTCTBUS IIEJIEBOr0 O0bEKTa; it ITOrO He TPeGyeTcst

[IPOCJIE?KUBATH IIETIOYKY YTOYHEHUH.
OHaKO HAKJIAHBIE PACXO/IBI, CBI3aHHBIE C PEAIM3aIeil TOr0 CJI0XKHOI0 MEXaHN3Ma, OKA3aJIUCh O9€Hb O0/Ih-
mummu. Iporeccop 432 ocrasncs SKCIEPUMEHTAJIHHBIM U HE MOy MPAKTHIECKOro MpuMeHeHus. TpyIHo cKa3arb,

KaKOU n3 (baKTOpOB OKa3aJICd BazKHee: KaTaCTpOCbH‘IGCKI/I HU3Kad IIPOU3BOAUTEIBHOCTD CI/ICTeMI)I7

U TTPOCTO HECTIO-
cobrnocTh Gupmbl Intel moBecTn Upe3MEpHO CJAOKHBIN KPHUCTAJI JO MAaCCOBOTO ITPOMBIIIIEHHOrO MPOU3BOACTBA. Tak
WM WHAYE €IBa JIM He €IMHCTBEHHON MPaKTUIECKON IMOJb30ii, M3BICUYEHHON U3 9TOr0 aMOUIIMO3HOIO IPOEKTa, OKa3a-

JIOCh TECTUPOBaHNE CUCTEMbI aBTOMAaTU3UPOBAHHOI'O IIPOCKTUPOBAHUA, HUCIIOJIb30BaHHOIT BIIOCJIEICTBUU IIPpHU pa3pa60TKe

rporieccopa 80386 U COMYTCTBYIONMNUX MUKPOCXEM.

Iloce 3aBepienns mpoekTa 432 APYTUX HNOMBITOK HOJTHOCTHIO PEAM30BATEH B3aNMHO HeIOBEPSIONTIE
[IOJICUCTEMBI HE JIEJIAJIOCH — U3TOTOBUTEN KOMMEDPUYECKUX CUCTEM, IT0-BUIUMOMY, COUIH TY HJICI0 HEIEIeCO-

00pas3Hoii, a UCCIETOBATEILCKIM OPraHU3aInsAM TPOEKThI TAKOI'O MACHITada MPOCTO HE IO ILIedy.

[TpocToit anan3 MOKA3LIBAET €Ie€ OJHO YSI3BUMOE MECTO HJCU B3aUMHO HEJIOBEPSAIONINX ITOJICUCTEM:
JII0Dasi COBpeMEHHAasI BBIUNCIUTEIbHAS CUCTEMa HAXOMUTCsT B 3aBUCHMOCTH OT COOCTBEHHON IMCKOBOM ITOI-
cucteMbl. Kakne ObI MBI HM HAIPOMOKJIAJIM CPEJICTBA 3aIUThl U B3aMMHOIO HEJIOBEPHs], MPAKTUIECKH BCE
JAHHBIE, C KOTOPBIME paboTaeT cucTeMa, IIPOXOIAT Yepe3 AMCKOBBIN ApaiiBep n gpaiiBep dailioBOit CHCTEMBI.
Ecnu ¢ aTumu nojcucremamu 9To-1u00 CJIYIUTCSI, TO BCsSI CUCTEMA B IEJIOM OyIeT COBEPIIEHHO OeCIIoJie3Ha;

€CJii 2Ke B HUX OyJIyT BCTPOEHDLI TPOSIHCKUE IMOIPOIPAMMBI, TO OE30IMaCHOCTD JAHHBIX OKAXKETCs IO yIPO-

71/XBTO aM He aJIOCh HaNTU OPUIIUAJBHBIX 3asdBJIEHUN upMbl Intel o sTomy moso, HO OJIBKJIO TBEp2KIa€eT, 9TO
’ )

KCIEepUMeHTaJbHbIe 00pasip! 1432 ¢ TakToBoit yactoroit 20 MI't ucnonusan okoso 20.000 omeparinit B CEKyHTY.
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30ii. To ke caMoe MOXKHO CKa3aTbhb O CETEBOIl IIoacucreMe B CeTEBBIX MHOI'OMaIlIMHHBIX KOH(bHpraHHHX n

IIoacucreMe 11oJb30BaTeJIBCKOT'O I/IHTep(beﬁca B NHTECPAKTUBHBIX CHUCTEMaX.

WuTepecHplit aabTepHATUBHBIN I0OJIX0/T IIPEJIAraeT MUKPOsIIEPHA apXUTEKTyPa: B MUKPOSIPE BMe-
CTO OTOOparKeHUsI TIePeIaBaAEMbIX TAHHBIX B aJPECHOE IIPOCTPAHCTBO HOJIyYaTe/ s UCIOJIb3YeTCs KOITUPOBAHNE
JIAHHBIX Uepe3 pasiesieMblii 6ydep. OOBITHO BMECTO IIPOCTOTO KOTUPOBAHUSI UCIIOJIB3YIOTCSI pa3IHIHBIE TPHU-
MUTHUBBI, 00ECIIeINBAIONINE [I€PEIaTy MaHHBIX BMECTE C CHHXPOHU3AIUEH, YTO TO3BOJISIET PEIIUTDL CPa3y JIBE
pOOJIEMBI PA3JIEJICHUS JOCTYIIA K JJAHHBIM: C TOUYKH 3PEHUs CHHXPOHU3AIINY U C TOUYKH 3PeHus 0€30TIaCHOCTH.

OpHako ucnosb3oBanne 0ypepoB IPUBOAUT K OTHOCUTEIBHO OOJIBIITUM HAKJIAIHBIM PACXOIAM.



I'maBa 10

Iloab3oBaTebekuii nuunrepdeiic

Kak ckasano B namem ompenesnennn OC, omepalnoHHasl cucTeMa JIOJKHA MPEIOCTAB/ISATH M0JIb30BATE b
ckuii uHTepdeiic. Kak MUHUMYM OHa JIOJKHA IIPEJOCTaB/ISTH KOMaHAHYI0 060siouky (shell), koropas
JIAET TIOJIb30BATEJII0 BO3MOXKHOCTH TeM WJIM WHBIM CIIOCOOOM 3allyCTUTBh ero NMpUKJIaIHyio mporpammy. O-
HAKO B HEKOTOPBLIX CJIy4Yasx, HAIPUMEDP, BO BCTPAUBAEMBIX KOHTPOJLIEPAX M JAPYIUX CIEIUAJTH3TPOBAHHBIX
MPUJIOYKEHUSIX, TaKas 000JIOUKA MOYXKET OTCyTCTBOBaTh. IIpum aTom jmbo cucrema BooOIe GpyHKITMOHUPYET

0e3 BMeIaTe/bCTBa Ie/I0BEKa, JIMOO M0IH30BaATEIb paboTaeT TOJBKO C OMHON MPUKJIAHON IPOrPaAMMOIi.

Kpowme toro, OC gacTo mpeocTaBsiioT CpeicTBa — pasjie/iseMble 6UOIMOTEKH, CePBEPBI U T.JI. JIJIst
peanuzaruy rpaduUIeCKOro Mob30BaATEILCKOrO UHTEp(deiica TPUKIaJIHBIMA TporpaMMaMu. JacTo OKa3bl-
BaeTCs CJIOXKHO NpoBecTH rpaHuily Mexay sapom OC u 3TUMU CpejcTBaMM, OCOOEHHO €CJIM CTaHIapTHAasT
obosouka OC peannsoBaHa ¢ UX UCIOJb30BaHUEM. B HEKOTOPHIX cucreMax, Hampumep B MS Windows 3.x u

MacOS, npakTudeckn Bce sipO COCTOUT M3 CPEJICTB peanusalun rpadutieckoro narepdeiica.

B nacrosiee Bpemst opOpMIIOCH ABa MPUHIIAIIHAILHO PA3INIHBIX OIX0/1a K OPTaHU3AINN TI0JIH30-
BaTeIbCKOTO mHTepdeiica. IlepBorit, ncropmdaeckn 6ojiee paHHUN IIOIXOJ COCTOUT B IIPEIOCTABIEHUU IOJIb-
30BaTENI0 KOMAHIHOTO SI3bIKA, B KOTOPOM 3allyCK IPOrpamMM OMOPMJIEH B BUJE OTJAEIbHBIX KOMAHI. JTOT

[OJIXOJT U3BecTeH Kak uHTepdeiic komanauoit crpoku (Command Line Interface — CLI).

AJIbTepHATUBHBINA IIOJXO0J, COCTOUT B CHMBOJIMYECKOM H300ParKEHWH JIOCTYIIHBIX JIEHCTBUI B BHUIE
KapTUHOK — MKOHIiCONS Ha 9KPaHe U MPEJOCTaBIeHUN OJIb30BATEI0 BO3MOXKHOCTH BBIONPATH JeHCTBUS IpU
MOMOIIU MBI WK JPYTOro KOOPIMHATHOIO YCTPOHCTBa BBOJA. DTOT IOIXOJl M3BECTEH Kak rpadumue-
cKuii noab3oBarenbckuii uarepdeiic (Graphical User Interface — GUI). Mbl B naibHeitmem Gyjiem
UCIIOIb30BaTh AHIVINNCKNE abOpeBUATYpPbI, IOTOMY YTO IHCATL IIOJHOE HA3BAHUE JIOJITO, PYCCKOS3BITHBLIC
abbpeBUaTypPBI-KAJIBKHA OYEHb YK HEOJIaro3BYyYHBI, a BBIAYMATb KOPOTKHI, KOPPEKTHBIN U 0J1aro3BY<IHBII

pyCCKOHSquHbIﬁ TEPMHH MbI — CKaKeM 9eCTHO — CJ1a0bI.

Paspaborunku coBpemerHbix OC 0OBIYHO IPEIOCTaBIISIIOT CPEICTBA 111 Pean3alun 000uX IMOAX0I0B
1, 3a9aCTyI0, 000JI0YKHU, UCIOAb3yIomue 0ba Tuira uHTepdeitcoB. OgHAKO Cpey MMOJIb30BaTe el Ipearnodre-

HH€ Pa3HbIX IIOJXOJ0B BBI3ZbIBACT ropd4due CIOPbI U, IIOJ4Y9acC, HACTOAIIHNEC PEJIUTMNO3HbIC poiinbl. He kesas

191
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BCTyIIaTb B TaKYIO BOfIHy HHU Ha O,ILHOI'/JI U3 CTOPOH, MbI ITIOIILITAEMCHA U3JIOZKUTH apr'yMEHTDBI B IIOJIb3Y KazKI0Tr'0

U3 IIOIXO0I0B.

10.1 Aprymentst B moab3y CLI

SI3BIK TIpesICTaBISET OMHO U3 BEJUYANIINX JIOCTUXKEHUH desioBedecTBa. MHorme yuensie u dbusocodnr oboc-
HOBAHHO CUUTAIOT, YTO UMEHHO A3BIK OlIpe/esideT I'PaHuUILy, 110 KOTOPO IPOXOAUT I'PAHUIA MEXKJLY 4eJIOBEKOM
U KUBOTHBIM. I1l0 cCOBpeMeHHBIM IIpeACcTaBIEHUIM, YeJI0BEeUECKIH MO3T COAEPKUT BPOKIEHHBIE CTPYKTYPHI,

O6H€I“{aIOH],I/Ie IIOHMMaHHNE TEKCTOB Ha €CTECTBEHHBIX N NCKYCCTBEHHDBIX fA3bIKaX W I'€HEPAIIUIO TaKNX TEKCTOB.

B cBoto o4epesib, KOMIIBIOTED, BO BCAKOM CJIydae YHUBEPCAJILHBIN HEMMAHOBCKUN KOMITBLIOTED, MPE/I-
cTaBJIsAeT CODOI F3BIKOBYIO MAINUHY: YCTPOWCTBO, KOTOPOE HUCIIOJIHSIET IIOC/IEI0BATEIbHOCTD IIPEJJIOXKEHITI

HEKOTOPOTro (pOPMATN30BAHHOTO SI3bIKA.

AswIk KOMIIBIOTEDa MOXKET OBITH TOJILKO (byHKHI/IOHaJH)HI)IM IIOAMHO2KECTBOM €CTECTBEHHOI'O fA3bIKa,
IIOTOMY YTO BbIMUCJ/IUTE/IbHBIX BO3MOKHOCTE COBPEMEHHBIX KOMIIBIOTEPOB ABHO HE JOCTATOYHO JIJIA 0T06pa—
KEHUS BCEro DOrarcTBa U CJIOZKHOCTH pPeaJIbHOTO MHUDaA. B cBere sToro kaxkercs Pa3yMHBIM HCIIOJIb30BaHUE
IIOJTHOCTBIO CMHTETHUYECKUX fA3BbIKOB, a HE IIOJMHO2KECTB €CTECTBEHHBLIX: BE€JIb YE€JIOBEKY IIPDOIIE BBIYyIUTH CO-

BEpHIECHHO HOBBII A3bIK, 9eM IIPpUyYdaTbCd ITOJIb30BaTbCA OI'DaHNYICHHDbIM IIOMHOXKECTBOM DOJHOT'O fA3bIKA.

MByquI/Ie CUHTETHUIECKOT'O A3bIKa HEHAMHOT'O CJIO2KHEE€ M3Yy4YC€HUA €CTECTBEHHOI'O MHOCTPAHHOIO, II0-

TOMY YTO YeJIOBEYECKUIT MO3T OT POXKICHUA O6.H3.,ZL&€T CIIOCOOHOCTBIO K U3YYCHUIO U ITIOHUMAHUNIO A3BIKOB.

yaaqu CIIPOEKTUPDOBaHHbIE HNCKYCCTBE€HHBIC A3BIKH yﬂO6HI)I n aJjid KOMIIbIOTEpa: MHTepIpeTaTOPbI
HOJIHO(byHKLLI/IOHaJIbHI)IX KOMaH/HBIX A3bIKOB O6XO,H5{TC5{ JecdTKaMu, B XyAlIeM CJIydae COTHAMHA KHIJ100aiiT
OHepaTI/IBHOﬁ IIAMSTH 1 00eCIIeYNBAIOT OYCHD BBICOKYIO CKOPOCTBH U SCI)CI)GKTI/IBHOCTI) HCIIOJIb30BaHUA PECYPCOB
CHUCTEMDI. HOSTOMY CUHTETUYECKHUN SA3BIK KakK CpeJCTBO Y€/IOBEKO-MaIlllMHHOI'O O6H.[€HI/IS{ ABJIFETCA HaAWJIy4-

IIIAM U HamboJiee eCTECTBEHHBIM BBIOOPOM 11T 00EMX CTOPOH.

Komanmbie si3bIKU O3BOJISIOT €CTECTBEHHBIM 0Opa30M IE€pefiTh K HAIMCAHUIO KOMAaHIHBIX (ailyioB
UM CKPUMTOB (Scripts), MO3BOJISIONMX aBTOMATU3UPOBATH YaCTO UCIOJHSEMbIE 3a/1a9i. 1 PYy/THO TpOBe-
CTU I'PAHUILy MeXKJly HallMCAHUEM CKPHUIITOB U IIPOIPAMMUPOBAHUEM; MOXKHO JlaKe CKa3aTb, YTO HalUCaHUe
CKPUIITOB U JlaXKe IIPOCTO MHTEPAKTHUBHOE HCIIOJIb30BAHUE KOMAHIHOI'O A3bIKa M €CTh YacTHBIN ciydail npo-
rpamMmupoBanus. Ho BeIb CMBICJT KOMIBIOTEPA U COCTOUT B TOM, UTO 3TO YHUBEPCAJIbHAS IIPOrPaMMUpyeMast

MaIuHa!

COBpeMeHHI)Ie NHTEepaKTUBHbBIC KOMAaH/JIHBIC IIPOIECCOPHLI pelialoT IMPpaKTHYeCKU BCe HpO6.H€MI)I KO-

MaHIHBIX A3BIKOB IIPEAbIAYIITUX IIOKOJIEHUIA.

e llcmpapieHue onevyaTok B KOMaHIaX U HAOOP MOCTIEI0BATEILHOCTEN OJMHAKOBBIX MM TMOXOXKUX KOMAH/T

OCYIIECTBJISIETCSI C UCIIOJIB30BAaHUEM CPEJICTB BCIOMUHAHUSI paHee HaOpaHHBIX CTPOK — «ucTopum» . Co-
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BpeMeHHbI€ KOMaH/IHbIE ITPOIIECCOPhI obecIieYynBaoT ruoKue CpeacTBa IIONMCKa KOMaH/ B HCTOPUYICCKOM

CIIUCKE, UX PEIaKTUPOBaHUA, IOBTOPHOT'O UCIIOJIB30BaHUA OTACIbHBIX qacTel 3Tux KOMaH/JI 1 T.I.

e Habop muHHBIX MMeH (ailjoB, KaTAJOrOB U JIPYyIUX OOBEKTOB O0JIEIYaeTcss aBTOMATHUYECKUM Pac-
IMIIPEHUEM UMEH. DTO CPEJICTBO, Peajim30BaHHOE BO MHOTUX KOMAaHIHBIX mporeccopax OC cemeiicTBa
Unix u nporpammax tuna 4DOS/40S2/4NT, nossosisier, HaGpaB IIepBbIe HECKOJIBKO CUMBOJIOB MMEHH,
PACIIUPUTE ITO UMST JIO TTOJHOTO WJIU MOy IUTh CIIUCOK BCEX MMEH, HAUNHAIOIINXCS C JAHHOM MOC/Ie/10-

BaTEJILHOCTH OYKB.

e Hey106HbIe, 1JI0X0 3allOMIHAEMbBIE HJIH [I0YEMY-THOO0 He yCTPauBAIOIIHe II0JIb30BATEI KOMAHBI MOTY T
OBITH IIepenMeHOBAHbI C HCIOJIb30BaHneM CHHOHUMOB (aliases). DTor ke MexaHH3M MOXKET OBITH

HCIIOJIb30BaH JJigd COKPAIIEHUA TaCTO UCIIOJTHAECMBIX CJIOZKHBIX KOMaH/I.

BasKHBIMI ITPEUMYIIIECTBOM XOPOIINX KOMAHIHBIX sI3BIKOB 110 cpaBHenuto ¢ GUI sapisiercss ux ajuro-
purmuueckast nmoaHoTa: B GUI mosib3oBaTesib orpaHnyer TeMU BO3MOXKHOCTSIME, JJIsi KOTOPBIX pa3paboTInK
IIPOrpaMMbl HAPUCOBAJI UKOHKH MJIM COYMHUJI IIYHKTHI B MeHIO. KOMaH HbIE K€ sI3BIKM MOTYT HUCIIOJIb30BATh-
CsI JIJIsl PeIeHust JIIOObIX aJITOPUTMU3YEMBIX 38189, B TOM YHCJI€ U TaKUX, O KOTOPBIX Pa3pabOTINKN sI3BIKA

HUKOr'ZIa 1 HE 3ayMbIBaJIUCD.

JI1060IIBITHO, 9TO MOCJEIHEE TOCTIKEHNE B 00/IaCTH M0JIL30BATEILCKOTO nHTepdelica — pacrno3HaBa-
HHUEe pPedu U T'OJIOCOBOE yIIpaBJieHHe — O3Ha4daeT, 110 CYIIEeCTBY, BO3BPAT K KOMAaH/IHOMY $3bIKY, C TOIl JIMIIb
pasHuieit, 9To KOMaHIbI ITPOU3HOCATCS, & HE BBOIATCI C KJIABUATYPHI. BO3MOXKHO, ClIeIyeT OXKUIATh I10-
SIBJIEHUsI HOBOT'O TIOKOJICHUS] CHHTETUIECKUX KOMAHIHBIX S3bIKOB, COOTBETCTBYIOIINX TPEOOBAHUAM PEIEBOrO

BBOJIa KOMAaH/I.

10.2 Aprymentst B moabp3ly GUI

Komannubie s3piku TpeOyIoT 3aTpaT BpeMeHU U yCHauil jyid u3ydeHus. Hy»KHO OTMETHUTD, UTO MPU U3yte-
HUM TPEOYIOTCA HE TOJBKO MHTE/IEKTYaJbHbIE, HO U SMOIMOHAIbHBIE ycuaus. Hanbosiee HEIPUATHBI B 9TOM
CMBICJIE TIEPBbIE MUHYTHI OOIIEHUs C HE3HAKOMOM CHCTEMOI, KOTJIa I0/Ib30BATE b OIIYIIAeT PACTEPIHHOCTD U
He MOXKeT cOPMYJIMPOBATD KeJIaeMoe JIeCTBIE HE TOJIHBKO Ha HESHAKOMOM CUHTETHYECKOM SA3bIKE HO JlaXKe

n Ha POJHOM €CTECTBECHHOM.

JI1060IBITHO, 9UTO GOJIBITUHCTBO YKEHIIWH, BIEPBBIE CEBINUX 38 KOMIBIOTED 33JIAI0T OJUH U TOT YK€ BOIPOC: «A
HA YTO TYT HAXXUMaTh?». Berpednbiit Bompoc: «A dero, cOGCTBEHHO, BBl XOTHUTE MOJIYIUTH?» OOBIYHO MOBEPraeT uX B

erre DOJIBIIY0 PACTEPSTHHOCTD.

[lepBoe HeraTuBHOE BIIEUATIEHIE MOYKET CO30aTh YCTOMIMBLIA CTpax Mepe KOMIILIOTEPOM, 3aTPYIHSsT
ero 3¢ eKTUBHOE NCIOJIB30BanNe n u3ydenue. Hamporus, rpadudecknii nuTepdeiic mIpeIocTaBisieT HOBOMY
[TOJIb30BATENIO BO3MOKHOCTE OBICTPO OKMHYTH B3TJISIIOM JOCTYIIHBIE BO3MOXKHOCTH U BBIOPATH KEJIAeMyIO.

Bo Mmuorux ClIyvadaX HalJIAAHOCTH BapHMaHTOB OKa3bIBa€TCdA BazKHeEe OoraTcTBa BO3MOXKHOCTEN.
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B HEKOTOPBIX CJ/IyYadX U3JINIIHEeEe OoraTCTBO BapuaHTOB MOXKET IIPOCTO 3allyTaTb IIOJIb30BaTEJIA. He
HY2KHO 32%6I>IB8,TI>, 4TO YeJIOBEK CII0CODEH OIHOBPEMEHHO OIIEPpUPOBATDH JIMIIb JOBOJILHO OT'PaHMYICHHBIM KOJIN-
YeCTBOM OOBEKTOB U ITapaMeTpPOB; II0 COBPEMEHHBIM IIPEACTABJICHUAM JIJId YE€JIOBEKa 1 OOJILIINHCTBA TEILIO-

KPOBHBLIX 2KMBOTHBIX 3TO KOJIMYECTBO OI'PAHUYIECHO 6 - 7 0O beKTaMI.

Jlaxke 1I0C/ie OCBOEHMSI OA30BBIX BO3MOXKHOCTEH CHCTEMbI YEJIOBEK MOXKET 3a0BITh KOMAHJIY JIJis HC-
ITOJTHEHUsT KaKOH-1nO0 oImeparnun; B 3TOM CMbICIe rpadudeckne HHTEPMENChI, Iie BCe BO3MOXKHOCTHU TEPET,

TJla3aMi, OKa3bIBalOTCA IIPEeAIIOYTUTE/IbHBL.

yTBep}K,HeHI/Ie O TOM, 9TO GUI OI'PaHUYIUBaAECT BOSMO2KHOCTH IIOJIB30BaTeEJIA 3apaHee IIpeaolIpeaes/ieH-
HBIMH BO3MO2KHOCTAMHM IIPOCTO HE COOTBETCTBYECT rHGIL/'ICTBI/ITGJII)HOCTI/IZ XOopomo npoAyMaHHBbIE HHTep(befICbI
obecreynBaIoT MOYTU TaKYyIO 2Ke rubKoOCThL B KOM6I/IHaH,I/H/I onepam/H?I, KaK 1 KOMaHJIHBIC A3bIKH. Bosmoxk-
HOCTDB 2K€ 3allCbIBaTb U BHOBb IIPOUI'DLIBATDL ITIOCJI€10BaATCJIbHOCTUA ,ZLefICTBI/IfI BO MHOT'HX CUTYallUAX MO2KET

OTJIMYHO 3aMEHUTHb KOMaH/JIHbIC d)aﬁﬂbl.

OTHOCUTE/IBHO BBICOKME HAKJIAIHBIE PACXO/IbI, HEPA3PbIBHO CBSI3aHHBIE C Ipa(UIECKUMU UHTEepPdEii-
caMM, He SIBJISIFOTCSI TaKUM YK OosbImuM 3j710M. COBpeMeHHbBIE IEHbI Ha alllaparypy AO0CTATOYHO HU3KH JJIsT
TOro, 9T00bI O6JbINas 3(PHEKTUBHOCTL M3YUEHUSI W HCIOJIB30BAHUS IpadUIecKoil CHCTeMbl OBLICTPO cebst
okymdaa. KpoMe Toro, MHOrue COBpeMeHHbIE HACTOJbHBIE CHCTEMBI UCIIOJIb3YIOTCS /ISl IIPUIOXKEHUH, KOTO-
pble camu 110 cebe TPeOYIOT BHICOKOKAIeCTBEHHON rpaduku u 60JIbInoi BeraucauTeabHoi MorraocTn: CAITP,
nosmurpaduiIeckre paboThl, CHHTE3 U 00paboOTKa BUAEOJaHHBIX U T.1. Ha dorHe moTpebHOCTEN TaKUX IPUIIO-
JKEeHUI HaKJIaIHbIE PACXOJbl, CBA3aHHBIE ¢ IPpapUIECKIM HHTePdERcOM, OKA3bIBAIOTCS IPOCTO HE CTOSIIAMHU

YInoMuUHaHUA.

Emie omuo HemasioBazkHoe 00CTOSITE/ILCTBO: XOPOIIO IPO/IyMaHHbIN rpadudeckuii nuarepdeiic ¢ mpa-
BUJILHO ITOIOOPAHHBIMU I[BETAMU, KPACHBO HAPUCOBAHHBIMU YIIPABJISIIONINME SJIEMEHTaMU OKOH U T.J., IPOCTO

cam 110 cebe IpUATeH s TJ1a3.

10.3 IlombpITKa caejiaTh BBIBOIbI

W310kMB, B COOTBETCTBUU C MPABUIAME J[IUAJEKTUKU, TE3UC U aHTUTE3UC, IOIPOOYeM IMEPENTU K CHHTE3Y.
W3znarast apryMeHTbI CTOPOH, Mbl HAMEPEHHO BBIIYCTUIN PsiJi YOUHCTBEHHDLIX JIOBOJOB THIA TaKuX: «BbI,
cropouankn CLI, XoTuTe Bcex HaC BEpPHYTb B KAMEHHBIN BEK M 3aCTaBUTH II0JIB30BATHCS MepdoKapTaMus»
wim «pa3paboraiiTe cucremy, KOTOPOW CMOXKET IOJIb30BAThCH HaXKe MIANOT — U TOJIBKO HAMOT 3aX0deT eif

IIOJIB30BAThHCA».

Ecan nmomnbrrarsest HEIIPpEeAB34ATO CPaBHUTDL JIOBO/IbI, CTAHOBUTCA BUJAHO, 9YTO OCHOBHOE€ IIPOTHUBOPEYNEC
COCTOHUT BO B3IJIdAJaX Ha CJIO2KHOCTDb U3y4Y€HUAd KOMaH/IHOI'O A3bIKa: CTOPOHHUKHN CLI cuuraror ero IIPOCTBIM
JeJIOM, B TO BpeMs KaK [1Jjisi CTOPOHHUKOB GUI sr1o €iBa JIM HE€ OCHOBHOC IIPEIIATCTBUE K HCIIOJIbB30BAaHHUIO

KOMHI)IOTepal .

11_[0 Ha6JIIO,I[€HI/I$H\4 aBTOPOB, IIporpaMMuCTaM U CTOPOHHUKaM KOI\JaHﬂHOﬁ CTPOKH Jierde CpeJHero JaeTcCd U3ydeHue HUHO-
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BosmoxkHO, Takoe pasaudne CBUAETENBCTBYET O TOM, UYTO Pa3Hble KATETOPUN TOJTH30BATETHCKIX WH-
TepdeiicoB MPEAMOITHTENBHBI s JIOAEH ¢ Pa3HBIM CKJIaJ0M MBINLIeHUs. HampuMep, MOKHO TPEJIToI0-
JKUTh, 9TO KOMAHIHbIE WHTepdheHCchl yaobHee JTst JIO/Ei ¢ JTJOTMYIeCKIM CKJIaJIOM MBIIIECHNS, a TpahIIecKue
— ¢ obpaszabiM. OTYacTu 3T0 MOJATBEPXKIaeTcs TeM, uyro opueHTupoBanuble Ha GUI komnbiorepsr Macintosh
B OCHOBHOM WCITOJIB3YIOTCSI XY/IOXKHUKAMH, JU3afHEpaAMU U JPYTUMU TPEICTABATESIMI «00Pa3HBIX» TBOP-

YECKUX MPOMECCHii.

K coxasenuio, OOJBIIUHCTBO OTKPBITHIX HUCCAEIOBAHUN IICUXOJIOTUIECKAX ACIIEKTOB YEJIOBEKO-
MaITIHHOT'O B3AMMOIECHCTBUS JTNOO M0 y2Kaca HempodecCnoHaNbHDI, JTHO0 (DUHAHCUPYIOTCS (DUPMaMU, IIPO-
JAIOIIMME IIPOrPaMMHOe obecriederne. Takume «MCC/IeqOBaHUA» OOBITHO JIMIID ITOATBEPIKIAIOT, ITO MPOLYKT
dupmer X na 50 % GbicTpee IpH UCIIOHEHNN « TUIIMYHBIX», 9TO ObI IO 3THM HH IOJAPa3yMeBaJIOCh, 3a/1a4,

9eM MPOAYKT KOHKYpPHUpYyIomeil pupmbr Y.

ABTODBI HEe paCIoJIAraloT HU PECYpPCaMu, HU KBaJIu(pUKAIIell, HeOOXOIUMBIMHU JIJIsT IIPOBE/IEHUsT OOHEK-
TUBHOTO HE3aBUCUMOI'O UCCJIEIOBAHUS, OTHAKO €CTh OCHOBAHUS YTBEPYK AT, UTO KOMAaHHbIE U IPaDUICCKHIE
nHTePdENCH ONTUMAJIBHBL B PA3HBIX CUTYAIUSAX U I Pa3HbIX nejieit. Koman bl naTepdeiic Xoporir, Koria
[I0JIB30BATEJb SICHO IIPEJICTABJISIET cebe, Iero OH XOUET, & OCOOECHHO JIJIsi aBTOMATH3AINN PETYIAPHO UCIIOJIHSI-
eMBbIX PYTUHHBIX 3371a4. ['pacdudeckue ke nnrepdeiice yrobHee Ipu pPelieHnN HeIeTKO CDOPMYJTHPOBAHHBIX

NJIN IIJIOXO aJITOPUTMU3YyEMbBIX IIpO6.HeM.

[TosToMy xXopormmasi cucTema JOJXKHA IPEIOCTABIATL 0ba uHTepdeiica. Hanpumep, paspaborTamku
dupmbl Apple 10/roe BpeMsi MBITAINCH U30€XKATh BKJIOYEHUS B CHCTEMY KOMAHIHOIO MHTEPIPETATOPa HO
B KOHIIE KOHIIOB IIOJ, TaBJE€HUEM II0JIb30BaTeIell 1 0COOEHHO CIEIUAJNCTOB 10 TEXHUIECKON HOIIEPXKKE OHU

OBLIM BBIHYZKIEHbI Peajin30BaTh KOMaHIHbIN a3biK AppleScript.

B cBete aTOro mpeacraBiisieTcsi, YTO yTBEPAKIACHUI, KOTOPBIE YACTO IPUXOIUTCS CJIBIIATL B CIOPaX
MeXK/]ly CTOPOHHUKAMU Pa3InIHbIX KaTeropuit marepdeiicos — « CLI 6e3Haie:kHO ycTapeans ¢ 0JHOM CTOPOHBI
u «GUI HuKOMYy He HY>KHBI 1 BOODIIE 9TO ITyCTasi TpaTa MAIIUHHBIX PECYPCOBY» C JIPYTOi — CBUIETETbCTBYIOT
JinboO 0 YPEe3MEPHOM HaKaJle CIopa, JUO0 O TOM, YTO T'OBOPANINI HE NPEJICTABIIAET cebe BCeil CUTYAIMH HJIH
HOIIPOCTY TuIyll. BupodeM, eciin Takast hpasa IPOU3HOCUTCH B Oecejie MezK/1y IIPOJIABIIOM U IIOKYyTIaTeJeM, 3TO
MOXKET CBUJIETEJILCTBOBATH 00 OCTPOM 2KEJIAHUU ITPOJATH UMEHHO CBOW MPOJAYKT WJIU, HAIPOTUB, O YKEJAHIH

OIMIOPOYUTH CUCTEMY, TIpEIaraeMyio KOHKYPEHTAMU.

CTpPpaHHDBIX A3BIKOB. Mub1 HE MOXKeM CKa3aTb, 9YTO 3/1€Chb ABJIAECTCA HpI/I‘{I/IHOfI, a 9TO — CJIeACTBUEM.
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